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Theoretical and Practical Considerations 
In ^«plasty Practice : Ian A* McGregor
SUMMARY
The %^plasty Is used In 2 main sets of circumstances,
In contractures and In facial scars* In these situations It 
functions for practical purposes In a single plane, or, more 
accurately, its theoretical basis can be discussed in terms 
of 2 dimensions# There Is, however, a group of miscellaneous 
uses for the E-»plaaty which involve a third dimension, 
creating a curving Z^plastv.
In all of these circumstances certain modifications of 
method are necessary to make full use of Its virtues. Many 
of these modifications arose Initially in the context of hand 
surgery, because of the strict limitations Imposed by the 
anatomical factors operating In the hand.
The theoretical background of the E-plasty and the 
practical considerations arising therefrom are discussed In 
relation to these 4 aspects of Its use.
2 .
When the E-plasty Is used In contractures the lengthening 
which relieves the contracture Is achieved at the expense of 
shortening In the axis perpendicular to the contracture. The 
amount of lengthening and the corresponding amount of 
shortening Is shown to result from variation In the size of the 
E-plasty angles and the length of the E-plasty limbs. 
Formulae are developed to prove this fact and derive 
quantitative results. The formulae also permit elucidation 
of the factors which limit angle size and limb length of the 
E-plasty as used In practice. A rationale Is also provided 
for the use of the multiple E-plasty, a modification of 
standard E-plasty technique used when tissue available for 
shortening Is strictly limited.
Used In scars, the E-plasty, by virtue of the fact that 
the central limb of the completed E-plasty lies at an angle to 
Its pre-operative line, Is able to break the continuous line 
of the scar. Assuming that it Is possible to design the 
E-plasty so that Its central limb lies post-operatlvely on or 
parallel to a wrinkle the E-plasty will have the effect of 
converting a long and relatively conspicuous scar Into a
series of short and less conspicuous scars connected by 
lines (represented by each 2-plasty central limb) tying in or 
parallel to the wrinkles. The method developed to enable 
the central limb to be placed with precision In terms of 
length, position and direction. Initially for the 60^ angled 
2-plasty and subsequently for the 2-plasty of unspecified 
angle size. Is described*
An attempt has been made to explain, in terms of the 
phenomena of lengthening and shortening already discussed, 
the empirical finding that the Z-plasty is effective In 
treating certain conditions, 4 of which are described as 
typical examples of the problem, which involve curves, 
conditions In which Its rationale Is not readily apparent*
The fact Is established that In the circumstances attending 
these conditions lengthening has the effect of deepening a 
hollow while shortening makes a hollow more shallow, 
eventually, If the shortening be sufficient, eliminating it 
completely* It Is shown that, reasoning In this way. It Is 
possible to explain the way In which the 2-plasty exerts Its 
effects, still In terms of lengthening and shortening* An
4 .
explanation Is also provided for the modifications of standard 
design which have been found necessary to make the 2-plasty 
fully effective In certain of these conditions*
The 2-plasty as used in the hand Is discussed with 
reference particularly to limitations placed on design by the 
anatomical factors which operate In the hand, the lack of 
extensibility of the palmar skin and Its comparative fixation 
deeply, coupled with the need to make use of the flexure 
lines for scar placement* The effect of these restraints on 
placement, design and execution of the 2-plasty Is discussed*
“Dreams a p a r t ,  numerical  p rec is ion  is the  very  sou l  of 
s c i e n c e ,  and  its a t ta inm en t  affords the  b e s t ,  perhaps 
the  only c r i te r ion  of the  truth of theo r ie s  and  the  
c o r r e c tn e s s  of experiments  . "
Sir John H e r s c h e l ,  quoted by  
D'Arcy W entworth  Thompson, 
On Growth and  Form, p ,2
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CHAPTER 1
INTRODUCTION AND HISTORICAL BACKGROUND
2 .
In i ts  s im p le s t  and c l a s s i c  form the  Z -p l a s ty  is a loca l  
p l a s t i c  procedure  in which  two in te rd ig i ta t ing  t r iangu la r  f laps 
a re  d e s ig n ed  w ith  the  overal l  form of a Z, each  f lap 
sub tend ing  an  ang le  of 6 0 ° .  The f laps  a re  r a i s e d  and the  
procedure  is com pleted  by t ran sp o s in g  them (Fig. 1).
T ranspos i t ion  has  sev e ra l  e ffec ts  and it is  the  
exp lo i ta t ion  of t h e s e  which  makes the  Z -p la s ty  one of the  most 
usefu l  a s  w e l l  a s  one of th e  most w ide ly  u se d  procedures  in 
p l a s t i c  su rge ry .  The f i r s t  d e sc r ip t ion  of its  u s e ,  in the  
t rea tm ent  of ec t rop ion ,  is gene ra l ly  co ns ide red  to  have  been  
by  Denonvil l ie rs  in 1856 and s in c e  then  many au thors  have 
desc r ib ed  i ts  p o s s ib le  role in o ther  su rg ica l  c o n t e x t s .  At 
f i rs t  it  w as  regarded as  mainly of u s e  in con t rac tu res  but it 
h a s  g radua l ly  becom e reco g n ised  tha t  th is  is  only a small  
f a c e t  of its  po ten t ia l  u s e f u l n e s s .
M any  of the  geom etr ica l  propert ies  of th e  Z -p l a s ty  were 
worked out by the  Leningrad su rgeon .  A, A, Limb erg ,  and  he 
pub l ished  h is  f in d in g s ,  in 1929, in R u ss ian .  At th a t  t im e.
Lin^ of 
contracture
F ig .  1 : The Z -p la s ty  in i ts  s im p les t  form^ showing how 
th e  t r iangu la r  f laps are  ou t l ined ,  r a i s e d  and 
t r a n s p o s e d .
he confined h i s  a n a ly s i s  to  a geom etr ica l  o n e .  Not 
a l to g e th e r  su rp r is ing ly  it w as  fully 10 years  before  any  
re fe rence  to  h is  work appeared  in the  Anglo-American 
l i t e ra tu re  though in the  In terval ,  S taige D a v is ,  who w as  a l s o  
deep ly  in te re s te d  in the Z -p l a s ty ,  had w ri t ten  in 1931 on its  
empirical  use  in var ious  s i t u a t i o n s .  How ever ,  in 1939, 
D av is  and  Kitlowski brought Limberg's work to  the  no t ice  of 
the  E n g l i sh - sp e ak in g  world by publish ing  w hat  w as  v ir tua l ly  
a t r a n s la t io n  of h is  geom etr ica l  a n a l y s i s ,  w ith  th e  add i t ion  
of some p rac t ica l  obse rva t ions  of th e i r  own. U nfor tuna te ly ,  
th is  ea r ly  a n a ly s i s  w as  com plica ted ,  d if f icu lt  to  unders tand  
and  seem ed  to  have  l i t t l e  p rac t ica l  r e l e v a n c e .  As a r e su l t  
it  made l i t t l e  impact on p la s t i c  su rg ica l  th o u g h t .
In th e  period following 1929, Limb erg ca rr ied  on w ith  h is  
an a ly t i c a l  s t u d i e s ,  co l lec t in g  them into a monograph which 
w as  p u b l i s h ed ,  ag a in  in R uss ian ,  in 1946. This monograph 
con ta in e d  a much more d e ta i led  m athem atica l  a n a ly s i s  of the  
theory  of loca l  f laps  using the  more s o p h is t i c a te d  too ls  of 
t r igonom etry .  Throughout the  a n a ly s i s  Limberg 's  approach  
differed from the  conven t iona l  one in tha t  he tended  not to
5 .
regard the  Z -p l a s ty  a s  a techn ique  in its  own r ig h t .  Rather 
he  cons idered  it merely a s  a s p e c ia l  example of the  more 
genera l  p la s t i c  su rg ica l  manoeuvre in which  t r iangu la r  f laps 
of various sh ap es  and  s i z e s  are  m oved . Viewed in the 
con tex t  of h is  a n a l y s i s ,  concerned a s  it w as  w ith  many types  
of t r iangu la r  f lap t r a n s f e r s ,  Limberg's may have  b een  a val id  
a t t i t u d e ,  but  the  Z -p la s ty  has  such  w id esp read  ap p l icab i l i ty  
in ways which  he did not ta k e  into co n s id e ra t io n  tha t  it can 
claim with  good reason  to be  d i s c u s s e d  a s  a sp e c i f ic  
techn ique  on its  own m e r i t s . In any  e v e n t ,  h is  monograph 
w en t  a s  unnoticed  ou ts ide  Eastern  Europe as  h is  1929 paper  
and  in the  few papers w hich  ap p ea red ,  mainly in th e  American 
l i te ra tu re  {Spina, 1950; Dingman, 1955), Limberg 's  name w as  
mentioned only in re la t ion  to  his 1929 contr ibu t ion  and tha t  
only via the  D avis  and Kitlowski t r a n s l a t i o n .  In Textbooks 
too  (Kazanjian and C o n v e rs e ,  1949; Smith, 1950), an  a i r  of 
empiricism cont inued  to  pervade descr ip t ions  of the  p rocedure .
In 1957, having read the  D avis  and Kitlowski t r an s la t io n  
of Limberg 's  1929 paper  and  rea l i s ing  th a t  e lem entary  
tr igonometiy  would provide the  answ ers  to  ce r ta in  ques t ions
6 .
w h ich  seem ed  re levan t  much more e a s i l y  and  e leg an t ly  than  
the  cumbersome geom etr ica l  f igures  of the  1939 D av is  and 
Kitlowski paper ,  I undertook such  an  e lem entary  a n a l y s i s .
It w as  only a f te r  the  th eo re t ica l  f ind ings ,  w ith  a d i s c u s s io n  
of th e i r  r e lev an ce  in a c tu a l  Z -p l a s ty  p r a c t i c e ,  had been  
p u b l ished  (McGregor,  1957) tha t  I r ece iv ed  from Li mb erg a 
copy of his  monograph which  inc luded an  a c c o u n t  of the  
same th eo re t ica l  f in d in g s .
It is c l e a r  n ev e r th e le s s  in comparing the  two app roaches  
t h a t ,  a l though  Limberg 's  s ta r t ing  point is the  same a s  my 
own, w e have  s in c e  moved in quite  se p a ra te  d i r e c t io n s .
He is much more in te re s te d  in the  m athem atica l  pa t tern  for 
i ts  own s a k e  and  l e s s  in the  ap p l ica t io n  of h is  f indings to  
the  r e a l i t i e s  of p la s t i c  su rgery .  In 1957 and to  a n  even 
g rea te r  ex ten t  s in c e  (McGregor,  196 0, 1966, 1967) my own 
concern  has  bee n  to  u se  the  the o re t ica l  co n c ep ts  to 
e lu c id a te  ce r ta in  empirical  f indings long a c c e p te d  in 
c l in ic a l  p rac t ice  and  in c re a s e  the  p rec is ion  w ith  w hich  they  
can  be  a p p l i e d .
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It is important in an y  c a s e  not to  b e  ca rr ied  aw ay  as  
Limb erg has  tended  to  b e  by  the  n ic e t i e s  of theory  or to  
a s su m e  th a t  th e  a c c u ra c y  of a m athem atica l  c a lc u la t io n  can 
be  t r a n s la te d  into c l in ic a l  terms (Gibson and  Kenedi,  1967). 
The r e a l i t i e s  of the  c l in ic a l  s i tu a t io n  must a lw a y s  be  borne 
in mind. The f laps of the  Z -p la s ty  may be  sca r red  and  th is  
may a f fec t  b lood supp ly ,  the  ex te n s ib i l i ty  of the  two f laps  
may differ ,  the  s t a t e  of tens  ion., on each  s id e  of the  
con trac tu re  may differ  -  an y  or a l l  of th e s e  may e x i s t  and  
have  to  be  taken  into a c co u n t  in a c tu a l  d e s ig n .  Even more 
s ig n i f ic a n t  than  t h e s e  f a c to r s ,  w hich  re la te  to  a sp e c i f ic  
s i t u a t io n ,  is the  genera l  c r i t ic ism  tha t  the  theo ry  can  only 
b e  s t r ic t ly  ap p l ied  to  n o n -e x te n s i l e  mater ia l  and makes no 
a l lo w an ce  for the  e l a s t i c  proper t ies  of s k in .  T h ese  e l a s t i c  
p roper t ies  a re  unfortuna te ly  extremely complex and  in the 
p re se n t  s t a t e  of knowledge th e i r  inc lu s ion  a s  a fac to r  to  be  
co n s id e red  would be  qu i te  im p o s s ib le .  W e must simply 
r ec o g n ise  tha t  it is too much to  expec t  su ch  th eo re t ica l  
f indings to  b e  q u an t i ta t iv e ly  ap p l ic a b le  w ith  a b s o lu te  
a c c u ra c y  to  th e  c l in ic a l  s i tu a t io n  in a l l  c i r c u m s ta n c e s .
8W ith  th is  re se rv a t io n  th e s e  findings a re  n o n e th e le s s  
su f f ic ien t ly  a c c u ra te  to  be  of great  u se  in p r a c t i c e .  
P o ss ib ly  the ir  most v a luab le  contribution is in showing the 
e f fec ts  of v a r iab le s  in cons truc t ion  of the  Z -p l a s ty ,  and in 
dem onstra t ing  trends  a s  e f fec ts  a l t e r  w ith  change  in the i r  
c a u s a l  v a r i a b le .
CHAPTER 2
THE ROLE OF THE Z-PLASTY
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As a l read y  s t r e s s e d ,  prior to  the deve lopm ent of th is  
th eo re t ic a l  background ,  th e  va lue  of the  Z -p l a s ty  in many 
s i tu a t io n s  w as  reco g n ised  on an empirical  b a s i s .  In fac t ,  
i ts  worth had  b een  proved in ce r ta in  w ell  defined 
c i r c u m s t a n c e s . The two pr incipal  ones w ere  :
1 .  The t rea tment  of con t rac tu res  .
2 . The management of fac ia l  s c a r s  .
U sed  in c o n t ra c tu re s ,  it  w as  u sua l ly  a s  a s in g le  Z - p l a s ty ,  
The role of the  mult iple  Z -p la s ty ,  which  h as  more recen t ly  
rep la ced  it in many s i t u a t io n s ,  w as  unknown an d ,  if it w as  
used  o c c a s io n a l ly ,  the re  w as  no app rec ia t ion  of i ts  pecu l ia r  
ad v an tag es  over the  s ing le  Z -p la s ty  and  only th e  v ag u e s t  
recogni t ion  of fac tors  l imiting usage  of bo th  t y p e s .
In the  management of fac ia l  s c a r s ,  .it w as  reco g n ised  tha t  
the re  w as  co sm e t ic  ad van tage  to be  ga ined  by  break ing  the  
s c a r  l ine  w ith  a  Z -p l a s ty  but there  w as  l i t t l e  a w a re n e s s  of 
how th e  Z -p la s ty  might be  f i t ted  into th e  f a c e .  And even 
where  a w a re n e s s  of the  need  to  p lace  the  Z -p la s ty  e x i s te d ,  
the re  w as  no unders tanding  of how it could  b e  made to  f it  in
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the  p r e c i s e  terms of s i z e ,  s i t e  and  d i r e c t io n .
The b a s i s  for conver t ing  th is  em p ir ica l ,  h i t  or m i s s ,  
procedure  into a ra t iona l  techn ique  w ith  a th e o re t ic a l  b a s i s  
b road  enough to  exp la in  va r ia t io n s  in p r ac t ic e  h as  b een  
d e s c r ib e d  in th ree  pub l ica t ions  (McGregor,  1957, 1960, 
1966).  Taken to g e th e r ,  t h e s e  provide an  a c c o u n t ,  though 
not  a s t r ic t ly  chrono log ica l  one ,  of the  s t a g e s  of e lu c id a t io n  
of the  th e o ry .
The Z -p l a s ty  u se d  in co n t rac tu re s  and  s c a r s  functions  for 
p ra c t ic a l  p u rposes  in a s in g le  p lane  or,  to  be  more p r e c i s e ,  
it is p o s s ib le  to  exp la in  i ts  behav iou r  a d e q u a te ly  by  
d i s c u s s in g  it purely in terms of two d im ensions  .
I t  h a s  b een  found,  how ever ,  th a t  a fur ther  group of 
m is ce l la n e o u s  u s e s  for the  Z -p l a s ty  e x i s t s  in w h ich  the  
complication,  of a th ird  d imension  h as  b een  a d d e d ,  c rea t ing  
a curving Z - p l a s t y ,  This m isce l lan eo u s  group c o n s i s t s  of 
such  d iv e r se  problems a s  no tch ing  of the  Up occurr ing  a s  a 
r e s id u a l  deformity a f te r  the  t rea tm ent  of c le f t  l ip ,  b r id le  
s c a r s j congen i ta l  r ing co n s t r i c t io n s  of th e  l im b s ,  webbing  
of the  f in g e r s ,  and  o th e r s .  Here too  (McGregor,  1966) it
1 2 .
h a s  proved p o s s ib le  to  provide a background  of theory  to  
ex p la in  b eh a v io u r  in p rac t ic e  and  r a t io n a l i s e  s e e m in g ’ 
v a g a r i e s .
An unfor tuna te  c o n s e q u e n c e  of the  f ac t  th a t  t h e s e  
th e o re t i c a l  c o n s id e ra t io n s  have  b ee n  p u b l ish ed  in s e v e ra l  
pape rs  is th a t  e a c h  paper  h as  tended  to  d ea l  w i th  a p a r t ic u la r  
a s p e c t  of th e  problem and  the  p ic tu re  p re se n te d  h as  b e e n  a 
f ragmented  one in w h ich  th e  overa l l  pa t te rn  h as  b e e n  
ob scu red  by  th e  need  to  c o n c e n t ra te  on one p a r t ic u la r  
v ie w p o in t .  The b reak in g  up of the  Z - p l a s ty  into i ts  va r ious  
ro le s  in th is  w ay  h a s  a l s o  c rea ted  an  im p res s io n  of s e p a ra te  
methods ra the r  than  a s in g le  method w ith  m o d i f ic a t io n s .
This t h e s i s  inco rpo ra te s  the  work reco rded  in t h e s e  papers  
w h ic h ,  a s  a l r e a d y  s t r e s s e d ,  p rovides  th e  theo ry  under ly ing  
much curren t  Z -p l a s ty  p r ac t ic e  bu t  p re s e n t s  it w i th in  the  
b road  framework of a  s in g le  method w ith  s e v e ra l  e f f e c t s ,  e ach  
of w h ich  is exp lo i ted  in turn  to  produce a sp e c i f i c  r e s u l t .  
M uch  of th e  d e ta i l  co n ce rn s  m odif ica t ions  of te ch n iq u e  found 
n e c e s s a r y  in sp e c i f i c  su rg ica l  c o n t e x t s .  An exam ple  of such  
a co n tex t  is in th e  hand and  indeed  many m odif ica t ions
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d es ig n ed  o r ig ina l ly  for u se  in hand surgery  (McGregor,  1967) 
w ere  su b se q u e n t ly  u sed  e l s e w h e re .  For th is  r e a s o n  it  is 
proposed  a l s o  to  d i s c u s s  the  Z -p la s ty  in the  hand 
s p e c i f i c a l ly  s in c e  it is in the hand th a t  th e  lo ca l  ana tom ica l  
fac to rs  impose par t icu la r ly  s t r ic t  l im ita t ions  and  the  reaso n s  
for the  m odif ica t ions  deve loped  can  be s e e n  the  more r e a d i ly .
The Basic  Technique
The c l a s s i c  Z -p l a s ty  has  two in te rd ig i ta t ing  t r iangu la r  
f laps  w ith  the  overal l  form of a Z, the  th ree  l imbs of th e  Z 
be ing  equa l  in length  and  each  f lap sub tend ing  a n  a n g le  of 
6 0 ^ . .  The f laps  a re  r a i s e d  and  the  procedure is com pleted  
by  t r an sp o s in g  them (Fig. 2 ) .  It w il l  be  app a ren t  th a t  the  
limbs of the  f laps  must be  equal in length  b e c a u s e  th e y  have  
to  fit toge the r  in th e i r  t r an sp o s e d  p o s i t io n s .  T ranspos i t ion  
of the  f laps  h a s  two e f fec ts  w hich  concern  us :
1 ,  A p ro ce s s  of lengthening  GD-e-C'D* and 
shorten ing  AB -^A’B* ta k e s  p l a c e .
2 ,  The p o s t -o p e ra t iv e  common limb A*B' of the  
Z l i e s  a t  an  ang le  -  in th is  c a s e  a right 
an g le  -  to  the  p re -o p e ra t iv e  common limb C D .
14
c '
A
B Q
D
B
F ig .  2 : The e f fec ts  of t ran sp o s in g  the  Z -p l a s ty  f l a p s .
(a) The common limb CD becom es  changed  in 
d irec t ion  to  i \ ‘B ' .
(b) CD becom es  leng thened  to  C®D*.
(c) ÀB becom es  shor tened  to  A*B'*.
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In p la s t i c  su rgery ,  the  Z -p l a s ty  exp lo i ts  one or o the r ,  
o c c a s io n a l ly  b o th ,  of t h e s e  e f f e c t s .
If  we exc lude  for the  moment the  m is ce l lan e o u s  groups of 
cond i t ions  us ing  the  curving Z -p l a s ty  a l re ad y  referred  to ,  an  
a n a ly s i s  of the  w ays  in w hich  w e  u s e  the  Z -p l a s ty  shows 
very  c l e a r ly  th a t  we can  s e p a ra te  them into two main 
c a te g o r ie s  :
(a) W here  we w is h  to  correc t  a co n t rac te d  s c a r  or 
p reven t  i ts  deve lopm ent by making u s e  of th e  
phenomenon of leng then ing  (Fig. 2) .
(b) W here  a fa c ia l  s c a r  is  p resen t  w h ich  in 
r ev is io n  w ould  b e  improved if its  l i n e ,  or even 
part of its  l i n e ,  could  be  a l te red  in d i rec t ion  
a s  the  common limb w as  a l te red  in F i g . 2 .
The co r rec t ion  of a con trac ted  s c a r  may c o in c id e n ta l ly  
a l t e r  the  l ine  of th e  s c a r  to  i ts  co sm e t ic  b e t te rm e n t .
S im ilar ly ,  the  b reak ing  of a s c a r  l ine by  a Z -p l a s ty  does  a t  
the  sam e t ime produce leng then ing  and sh o r te n in g .  
N e v e r th e l e s s ,  it is u su a l ly  only one of th e  two a s p e c t s  w h ich  
co nce rns  us a t  an y  p a r t icu la r  t im e .  The s im u l taneous  and
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i n e s c a p a b le  accom pl ishm en t  of the  other  is  a t  b e s t  a b o n u s ,  
a t  w ors t  a n u i s a n c e .
I t  w i l l  b e  conven ien t  a t  l e a s t  in i t ia l ly  to s e p a ra te  the  
two u s e s  co m p le te ly .
17
C H A P T E R  3 
THE Z-PLASTY IN CONTRACTURES
"We a re  ap t  to  th ink  of m athem atica l  de f in i t ions  a s  too  s t r i c t  
and  r igid for common u s e ,  bu t  the i r  r igour is combined w ith  
a l l  bu t  e n d le s s  f reedom ."
D'Arcy W entw orth  Thompson, 
On Growth and  Form, p .  269 .
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W hen  th e  Z -p l a s ty  is u sed  in a contracture^  the  common 
limb; i . e .  the  cen tra l  limb of the  Z; l ie s  a long  th e  l ine  of 
the  con trac tu re  to  b e  r e l e a s e d .  Although the  an g le  s i z e  can  
b e  v a r ie d ;  and  th e  e f fec t  of such  va r ia t ion  w i l l  be  fully 
d i s c u s s e d ;  it is conven ien t  for the  p re sen t  to  con t inue  us ing  
6 0^ a s  the  an g le  s i z e .  W ith  such  a co n s t ru c t io n ;  the  
t r ia n g le s  to g e th e r  form a paral le logram w ith  two a x e s ,  the  
p r e -o p e ra t iv e ly  sh o r te r  one -  the  Longitudinal or C on trac tu ra l  
A x is  ^ the  longer  one p re -o p e ra t iv e ly  -  th e  T ra n sv e rse  Axis 
(Fig.  3).
To com ple te  the  manoeuvre (F ig . 4);  the  t r ian g u la r  f laps 
a r e  e l e v a te d  and a t  the  same t ime th e  f ibrous con t rac tu re  is 
d iv id e d .  To make the  s te p s  e a s i e r  to  u n d e rs tan d ;  the  
e lev a t io n  of th e  f laps  and the  d iv is ion  of th e  con t rac tu re  have  
b ee n  a r t i f i c i a l ly  s e p a ra te d  into two d i s t in c t  s t e p s  (Fig. 4; C 
and  D) in th e  procedure  a s  shown sc h e m a t ic a l ly  in F ig .  4 ,  
D iv is ion  c a u s e s  the  con t rac tu re  to  spring ap a r t  and  the  
para l le logram  ch an g es  sh a p e  (F ig . 4;  C and D ) , W ith  th is  
chan g e  in s h a p e ,  the  C on trac tu ra l  Axis len g th en s  and  the
Ax/s
F ig .  3 ; The a x e s  of th e  Z - p l a s t y
FF ig .  4 : The s t a g e s  in th e  com ple t ion  of a Z - p l a s t y  shown
s c h e m a t i c a l ly .  The c ruc ia l  ch a n g e  in 
para l le log ram  sh a p e  t a k e s  p la c e  b e tw e e n  Step C 
and  Step D w hen  the  co n t rac tu re  is  d iv id e d .
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T ra n sv e rse  Axis sh o r ten s  co r respond ing ly .  At the  sam e t im e ,  
th e  t r ian g u la r  f laps  a re  au tom at ica l ly  t r a n s p o s e d .
W hen th e  com ple ted  Z -p la s ty  diagram is compared  w ith  
th e  p re -o p e ra t iv e  diagram (Fig. 4 ,  A and  F ,  and  F ig .  5),  It 
w il l  b e  ap p a ren t  th a t  c e r ta in  ch a n g es  in leng th  hav e  occu rred .  
The p re -o p e ra t iv e  con t rac tu ra l  ax is  equa ls  the  p o s t -o p e ra t iv e  
t r a n s v e r s e  ax i s  in leng th  and  the  p re -o p e ra t iv e  t r a n s v e r s e  
ax i s  equa ls  th e  p o s t -o p e ra t iv e  con t rac tu ra l  a x i s .
T rans la t ing  th is  into p rac t ica l  terms w e  ca n  s a y  th a t  
leng then ing  of the  con t rac tu ra l  ax i s  has  ta k e n  p la ce  a t  th e  
e x p e n se  of the  t r a n s v e r s e  ax i s  w hich  h a s  sho r tened  by  the  
same amount a s  the  con t rac tu ra l  ax is  h as  l e n g th e n e d .
In p r a c t i c e ,  th is  leng then ing  of the  con t rac tu ra l  ax i s  is 
the  change  d es i red  and  lengthen ing  is c o n s e q u e n t ly  the  
a s p e c t  of the  procedure  which  h as  rece iv ed  most a t t e n t io n  in 
th e  p la s t i c  su rg ica l  l i t e r a tu r e .  It must n e v e r th e le s s  be  
unders tood  ^hat a t  a l l  t im es and  in a l l  c i r c u m s ta n c es  
leng then ing  in one ax is  is accom pan ied  by  a correspond ing  
s im u l taneous  shor ten ing  in the  o ther  a x i s . '  As a most 
important co ro l la ry  it is  a l s o  true  t h a t ,  w ithou t  the
2 2 .
m
Transv^rsQ. AxisAx/s7 /yyns x/’^ rs^
A B
F ig .  5 : The a x e s  of the  Z - p l a s ty ,  (A) before  and  (B) a f te r
t r a n s p o s i t i o n ,  showing  how t r a n s p o s i t io n  
len g th en s  the  C on trac tu ra l  or Longitudinal  Axis 
and  a t  the  sam e time sh o r ten s  the  T ra n sv e r se  
A x i s .
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s h o r ten in g ,  leng then ing  canno t  ta k e  p l a c e .
THE VARIABLES IN Z-PLASTY CONSTRUCTION
W hen  a Z -p l a s ty  is co n s t ru c te d ,  the re  a re  ce r ta in  
v a r ia b le s  w h ich  can  a f f ec t  the  r e s u l t .  The two main ones 
in p rac t ic e  a re  :
1 .  The s i z e  of the  Z -p l a s ty  a n g l e .
2 . The leng th  of th e  Z -p l a s ty  limb .
As a l re a d y  s t r e s s e d ,  th e  limbs must be  of equa l  leng th  
s in c e  th ey  must  f i t  in th e i r  t r a n sp o s e d  pos i t ion  bu t  no such  
l im i ta t ion  a p p l ie s  to  the  a n g l e s .  They a re  u su a l ly  
c o n s t ru c te d  so  th a t  they  a re  equal  bu t  they  can  ju s t  a s  read i ly  
be  u n e q u a l .  In f a c t ,  the  Z -p la s ty  w ith  equa l  a n g le s  is 
r e a l ly  only a s p e c ia l  c a s e ,  a l b e i t  the  most often em ployed ,  
of the  gene ra l  Z -p l a s ty  where  ang le  s i z e  is u n s p e c i f i e d .
The Z -p l a s ty  Angles a s  Variables
To a s s e s s  the  e f fec t  of varying the  a n g le s  of the  Z -p la s ty  
on leng then ing  and  shor ten ing  of the a x e s ,  the  problem can  
b e  t r a n s l a t e d  into one of finding a formula w h ich  e x p r e s s e s  
leng then ing  and  shor ten ing  in terms of the  Z - p l a s ty  a n g l e s .
2 4 .
In the  f i r s t  in s t a n c e  a formula ap p l ic a b le  to  the  genera l  
Z - p l a s ty ,  w ith  an g le  s i z e s  u n sp e c i f ied ,  can  be  deve loped  
and  su b se q u en t ly  ap p l ied  to . th e  sp e c ia l  c a s e  of the  Z -p la s ty  
w ith  equal a n g l e s .
W ith  two independent  v a r i a b le s ,  in th is  in s t a n c e  limb 
leng th  and an g le  s i z e s ,  it  is n e c e s s a r y  to  e l im ina te  one to 
find th e  e f fec t  of the  o ther  ac t in g  a lo n e .  Limb length  a s  a 
v a r iab le  can  b e  e l im ina ted  so  tha t  ang le  s i z e s  may be 
co n s id e red  a lone  by  es t im a t in g  not a c tu a l  in c re a s e  in length  
bu t  th e  ra t io  of p o s t -o p e ra t iv e  to  p re -o p e ra t iv e  le n g th .
Such a ra t io  c a n  read i ly  be  e x p re s sed  for conv en ien c e  a s  a 
pe rcen tage  of the  original  l e n g th .  Percen tage  in c re a s e  in 
length  h as  gen e ra l ly  b een  fe l t  to  depend on an g le  s i z e s .
Stating the  problem in more p rec ise  te rm s ,  if it can  be  
shown th a t  the  ra t io  -
length  a f t e r  f lap  t r an sp o s i t io n  
length  before  f lap t r an sp o s i t io n
is a m athem atica l  function  of the  ang le  s i z e s ,  then  th e s e  
v a r ia b le s  a lo n e  a re  r e sp o n s ib le  for p e rcen tag e  len g th en in g .
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To prove t h i s ,  it is n e c e s s a r y  f irs t  of a l l  to  show th a t  the  
ra t io  of the  a x e s  of a Z -p l a s ty  rep resen ts  the  chan g e  in length  
w hich  ta k e s  p lace  when the  f laps  a re  t r a n s p o s e d . This is 
dem ons tra ted  in F ig .  6 which  shows the  Z -p l a s ty  drawn out 
before  and  a f te r  f lap t r an s p o s i t io n ,  w ith  an g le s  a and b;
M -  the  length  of the  Z -p l a s ty  limbs; and  the  limbs before  
t r a n s p o s i t io n  = BOAD, a f te r  t r an sp o s i t io n  = GFHE.
W ith  t r ian g le s  OAD and GFH congruent b e c a u s e  
Angle OAD = a = ang le  GFH 
and OA = AD = FG -  FH = M ,  it fo llows tha t
OD = GH.
180^ -  aAt the  sam e t im e ,  an g le  AOD = ang le  FHG = ----- -------
and  thus  an g le  BOD = ang le  GEE “  b + —  ---- -
C ons ider ing  t r ian g le s  BOD and  GEE,
OD = GH 
BO = EE = M 
and  an g le  BOD = ang le  GEE = b -t ---- —
But for the  fac t  th a t  t r ian g le s  BOD and GEE are  mirror im ages ,  
they  would be  côngruent  and  co n s eq u en t ly  EG = BD.
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F ig ,  6 : The Z -p las ty^  le t te red  to  correspond w ith  F i g s , 7,
8 and  10^ drawn before  and a f te r  f lap t r a n s p o s i t io n ,  
showing th a t  the  contrac tura l  ax is  (AO) before 
equa ls  the  t r a n s v e rs e  ax is  (FH) after^ and  the  
t r a n s v e r s e  ax is  (BD) before equa ls  th e  con trac tu ra l  
ax is  (EG) a f t e r j and tha t  s in ce  EG/OA equa ls  the  
leng then ing  w hich  has  occurred ,  BD/OA a l s o  
equa ls  the  lengthening  w hich  h as  occurred*
2 7 .
This equa l i ty  can  be  more formally proved by  re f lec t ing  
f igure GFEH in the  b i s e c to r  of the  an g le  GFH. This produces 
figure GIFEH (Fig. 7 ) .
Then, by congruency ,  BD = IH 
and  by  symmetry ,  IH == GE 
Thus BD = GE .
The leng then ing  of the  Z -p la s ty  which  has  t a k en  p lace  is 
EGre p re se n ted  by  —  , bu t  EG = BD and  the  leng then ing  is 
co n s e q u en t ly  r ep re se n ted  by  ^  which  is the  ra t io  of the  ax e s  
of the  Z .
W ith  M a s  the  limb length  OA, it  remains to  e s t a b l i s h  the
BDleng th  BD and hence  the  ra t io  —  , This can  be  done using 
c o - o r d i n a t e s .
The Z - p l a s ty ,  le t te red  BOAD, is la id  out on XOX' and YOY' 
a x e s  a s  in F ig .  8 w ith  OA the  cen tra l  limb leng th  (M) 
rep resen t ing  the  length  before t r a n s p o s i t io n ,  and  BD for the  
rea so n s  a l re a d y  d i s c u s s e d  ab o v e ,  the length  a f te r  t r an sp o s i t io n  
The o ther  Z -p l a s ty  limbs a re  OB and AD, the  an g le s  a and  b .
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F ig .  7 : F ig .  6 ,  am ended to  dem onstra te  the  formal
proof th a t  EG = BD.
2 9 .
Y
A(M,0)
D(Msin a  ,M(1-cosa))
(0,0)X
F ig .  8 ; The Z -p la s ty  BOAD, le t te red  a s  in F ig s .  6 ,  7 
and  10, and  p laced  in ax e s  XOX', YOY' to  
der ive  the  leng th  BD.
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The c o -o rd in a te s  of point  B a re  ( -M s in b ,  M cosb)  and  of 
point  D a re  (Msina^ M(1 -  c o s a ) ) .
The d i s t a n c e  formula s t a t e s  :
2 2 TD is ta n c e  of poin t  (p,q) from point (r, s) = ((p-r) 4-  (q-s)  ) ^ .
Applying th is  to  the  length  BD,
2 9 1
BD = ( ( -M sinb  - M s i n a )  + (Mcosb - M ( l  -  cosa)  ) ^
2 2 “= M ((s ina  + sinb) + (cosa  4-  cosb -  1)
S ince
M = OA
BD 2 2 “the  ra t io  —  -  ((s ina 4-  sinb) 4-  (cosa 4-  cosb  -  1) ) ^ .
This formula thus  g ives  th e  ra t io  of Z - p l a s ty  leng ths  before  
and  a f te r  t r a n s p o s i t io n ,  and  the  ra t io  is a function of a and b ,  
th e  Z -p l a s ty  a n g l e s .  From th is  fac t  it fo llows th a t  pe rcen tage  
leng then ing  depends  so le ly  on the  s i z e s  of th e  Z -p l a s ty  an g le s
It is  not common in p rac t ice  to  use  a Z -p l a s ty  w ith  
d is s im i la r  a n g l e s .  Unequal  an g le s  tend  to  b e  u se d  only when 
a l ine  of sca r r ing  a l re a d y  p re se n t  r e s t r i c t s  th e  ch o ice  of one 
an g le  and  even  w hen  su c h  a l im ita t ion  e x i s t s  the  an g le  s i z e s  
tend  to  vary  w i th in  ce r ta in  w e l l -d e f in e d  l im i t s .  The lower 
l imit  is de termined by b lood  supp ly ,  for the  sm a l le r  the  an g le
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th e  narrower  th e  f lap ,  and  reducing the  w idth  of a f lap 
red u ces  the  b lood supply  par t icu lar ly  to  its  t i p .  In the  face  
w here  the  sk in  is pa r t icu lar ly  v a s c u la r  the a n g le  can  often 
b e  s a fe ly  reduced  to  30^ but  e lsew here  in the  body such  
reduct ion  would be  extremely h a z a r d o u s . The upper l imit is 
l e s s  e a s y  to  def ine  but in p rac t ice  would be  l e s s  than  90^.
In f a c t ,  if f laps  w ith  a n g le s  of 30° and 9 0^ were  u s e d ,  one 
would think of the  procedure  not a s  a Z -p l a s ty  a t  a l l  bu t  more 
a s  a s t ra ig h t  t r a n sp o s i t io n  of the  narrow f lap  (Fig. 9), i . e .  
a s . a n  example  of a sh if t ing  t r iangu la r  f l a p .  This is so  
b e c a u s e  the  la rge  ang led  f lap moves so  l i t t l e  in comparison 
w ith  the  small  ang led  f lap and th e  g rea te r  the  d isp a r i ty  
b e tw een  the  a n g le s  the  more is th is  a p p a re n t .
Limberg (1946), a s  a l ready  pointed ou t ,  regards  the  
Z -p l a s ty  a s  a pa r t icu la r  example of sh if t ing  t r iangu la r  f laps 
in which  the  an g le s  a re  equal or a lm ost  equa l  to  one a n o th e r .  
This may be  so  in theory  bu t  n e v e r th e le s s  it is the  p ar t icu la r  
example w hich  has  the  w id e s t  range of u se fu ln e s s  and is by  
fa r  the  most commonly u s e d .  . C e r ta in ly  in the  minds of most 
surgeons th e  two procedures  a re  quite  d i s t i n c t .  It  would be
3 2 .
F ig .  9 : The Z -p la s ty  w ith  g ro ss ly  d i s s im i la r  an g le s
(30° ,  9 0°) ,  showing how the  sm all  amount of 
movement of the  la rge  ang le  f lap  and the  la rge  
amount of the  small  ang le  f lap  c re a te  the  
a p p e a ra n c e  of t r a n sp o s i t io n  of the  small  an g le  
f lap  ra the r  than  of a Z - p l a s t y .
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worth  pursuing the  concep t  of unity be tw een  the  two if the  
e x e rc i s e  in c re a se d  ins igh t  into e i the r  but  in f ac t  it does  not.  
In p rac t ice  th e n ,  if one is th inking of the  procedure a s  a 
Z -p l a s ty  and  not a s  sh if t ing  tr iangu lar  f l a p s ,  a n y  d if fe rence  
in ang le  s iz e  is seldom more than  4 5 ° ,  u su a l ly  co n s id e rab ly  
l e s s ,  and  both  tend  to  b e  in the range b e tw e en  3 0° -  7 5 ° .
The Z -p la s ty  w ith  Similar Angles . A formula a p p l ic a b le  to 
the  Z -p l a s ty  w ith  s im ila r  a n g le s  can  be  der ived from the 
formula reached  to  d esc r ib e  lengthening  in the  Z -p la s ty  w ith  
d is s im i la r  ang les  . If the  an g le s  are  equal  and  we ca l l  the  
an g le  0 ,  then  © -  a = b (as in F ig ,  10), AO is the  length  
before  f lap t r an sp o s i t io n  and BD is the  length  a f te r  flap 
t r a n s p o s i t i o n .
The formula for lengthening  with  d is s im i la r  a n g l e s ,
2 2 “((sina + sinb) + (cosa + cosb  -  1) )^ ,  becom es
■RT) 2 2 i
= ((sin© 4-  sin©) 4- (cos© 4-  cos©  -  1) )AO
= ((2sin©)" 4-  (2cos© -  1)^)
2 2 “= (4sin © 4- 4cos © -  4cos© 4-1)^
9 9 T
= (4(sin © 4- cos  ©) -  4cos© 4-1)^
. 2 _  . 2-  (5 -  4cos©) , s in c e  s in  © + cos  © = 1
3 4 .
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F ig .  10 : The Z -p la s ty  BOAD, le t te red  a s  in F i g s .  6,  7
and  8, w ith  s im ila r  ang les  (0) used  in 
e s t a b l i s h in g  the  formula for p e rcen tag e  
le n g th en in g .
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From th is  formula it becom es  p o ss ib le  to  graph (Fig. 11) 
p e rcen tage  in c re a se  in length  a g a in s t  Z -p l a s ty  a n g l e .  
Allowing for convers ion  into p rac t ica l  te rm s ,  the  graph is 
found to  be  a lm os t  l in ea r  over the  p rac t ica l  range of v a l u e s ,  
nam ely  3 0° -  9 0° ,  and to  a n  ad equa te  degree  of a c c u ra c y  the  
p e rcen tag e  in c re a se  w ith  an g le s  30° ,  45° and 60° may be 
tak en  a s  25%, 50% and 75% re s p e c t iv e ly  (Table 1).
It would be  p o s s ib le  to  work out a correspond ing  ta b le  to  
g ive read ings  of pe rcen tage  lengthening  for the  var ious  
com binat ions  of a n g l e s ,  bu t  the  effort is not worthwhile  for 
s e v e ra l  r ea so n s  :
1 .  The Z -p la s ty  with  unequal an g les  is seldom 
used  and where  it is used  in con t rac tu res  it 
is not n e c e s s a r y  to  c a lc u la te  a c tu a l  
len g th en in g .
2 . To an  ad e q u a te  degree  of a c cu rac y  the  
a c tu a l  leng thening  to  be  ach iev ed  can  be  
dem onstra ted  by  drawing out the  full Z -p la s ty  
and measuring the  appropria te  ax is  .
An e s t im a te  of pe rcen tage  lengthening  can  in f ac t  be  made 
by  tak ing  the  leng then ing  expected  from equa l  ang led
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Angle Size 
in Degrees
Increase in 
Length.
Angle Size 
in Degrees
Increase in 
Length.
Per cent. Per cent.
lO 3 100 1 3 9
2 0 I I n o 152
3 0 2 4 120 164
4 0 3 9 130 1 7 5
5 0 56 140 184
6o 73 150 191
7 0 91 160 196
8o io8 170 199
9 0 124 180 200
Table 1 : I n c rea s e  in length  with in c re a se  in an g le  s i z e .
c a lcu la te d  from the  formula (5 -  4co s0 )
o/  ,
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AN GLE O F  Z-PLASTY IN DEGREES,
F ig .  11 : Graph of p e rce n tag e  in c re a s e  of leng th  a g a in s t  
a n g le  s i z e  c o n s t ru c te d  from Table  1 .
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Z - p l a s t i e s  of the  two an g le  s i z e s  and tak ing  the  av e ra g e  of 
the  two le n g th e n i n g s . It is  true tha t  th is  is not com ple te ly  
a c c u r a t e ,  a s  can  read i ly  be  dem onstra ted  by working out an  
exam ple ,  bu t  g iven  the  fac t  a l ready  s ta ted  th a t  the  an g les  
vary in the  range 30^ -  75^ ,  the  approximation is a c c u ra te  
enough in p r a c t i c e .
Limb Length a s  a Variable
In c o n t ra s t  to  ang le  s i z e  which  contro ls  p e rcen tag e  gain  
in le n g th ,  a c tu a l  ga in  is determined by  the  leng th  of the  limb 
of the  Z -p l a s ty  s in c e  for any  ang le  s i z e  the  in c re a s e  in 
length  is a pe rcen tage  of the  original  le n g th .  I n c re a s e  in 
limb length  by a g iven  fac to r  thus  in c re a s e s  the  f inal  length  
by  the  same f ac to r .
Limiting Factors  in Variation of Angle Size and Limb Length
Both ang le  s iz e  and  limb length  can vary  in m agn itude .  
Although the  e f fec ts  of va r ia t ion  in both d i r e c t io n s ,  and  the  
limiting factors  thus  introduced w il l  be  d i s c u s s e d ,  the 
important l im ita t ions  in p rac t ice  a r i s e  a s  a r e s u l t  of in c re a s e  
ra the r  than  d e c re a s e  in m agnitude .  That th is  should  be  so
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fo l lows from the  f a c t ,  a s  a l re ad y  s t a t e d ,  th a t  leng then ing  of 
th e  con trac tu ra l  ax is  t a k e s  p lac  a t  the  e x p e n s e  of the  
t r a n s v e r s e  ax is  . Real in c re a s e  in len g th ,  w h e th e r  due to  
a n g le  s i z e  or limb le n g th ,  is  accom pan ied  by  a s im ila r  
d e c r e a s e  in t r a n s v e r s e  le n g th .
Angle S i z e . It has  b ee n  found em pir ica l ly  th a t  60^ is the  
most use fu l  an g le  s i z e  a n d ,  us ing  th is  a s  a m ean ,  the  
co n s e q u e n c e  of va r ia t ion  upwards and downwards can  be  
d i s c u s s e d ,
1 .  Angles d ec reas in g  from 6 0^ produce l e s s  l e n g th en in g .  
W ith  in c re a s e  in length  a s  the  d es i re d  e f fec t  w hen  the  
p rocedure  is u sed  in c o n t ra c tu r e s ,  reduc t ion  of an g le  s i z e  to  
an y  marked ex ten t  would render  the  whole  procedure  
p o i n t l e s s .  Reducing the  a n g le ,  a s  has  a l re ad y  b een  s t r e s se d ,  
a l s o  narrows the  f lap  to  the  detr iment of i ts  b lood  s u p p ly .  On 
bo th  counts  th e re fo re ,  s ig n i f ic an t  reduct ion  would a p p e a r  to  
b e  u n d e s i r a b le ,
2 ,  Angles in c reas in g  from 6 0*^  produce more le n g th e n in g .  
They a l s o  produce more shorten ing  in the  t r a n s v e r s e  a x i s  and
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it  is th is  l a t t e r  e f fec t  w hich  is the  limiting f a c to r .  In 
p rac t ica l  terms it  means t h a t ,  u n le ss  lo o se  t i s s u e  is av a i l a b le  
in the t r a n s v e r s e  l in e ,  the  f laps cannot  be  t r an sp o s ed  b e c a u s e  
the  t r a n s v e rs e  te n s io n  becom es  too g r e a t .  Although under 
ce r ta in  c i r c u m s ta n c e s ,  a s  for example in the  e y e l id s ,  such  
t i s s u e  may be a v a i la b le  in the  t r a n s v e rs e  a x i s  such  
a v a i la b i l i ty  is far from w id esp read  in the  body and a 6 0^ 
ang le  is about  the  maximum w hich  is to l e r a b le .  Furthermore, 
even  w ere  such  t i s s u e  a v a i l a b l e ,  the  amount of t i s s u e  
turning required would  ca l l  for a degree of e l a s t i c i t y  not 
w ide ly  p resen t  on the  body s u r f a c e .
For t h e s e  r e a s o n s  6 0*^  is the  compromise used  and minor 
va r ia t ion  in an g le  s iz e  tends  to  be  downwards ra ther  than 
upwards .
Limb L en g th . The arguments  u sed  in d i s c u s s in g  l imiting 
fac to rs  in an g le  s i z e s  app ly  equa l ly  to limb le n g th .  In c re a s e  
in limb length  in c re a se s  the  amount of leng then ing  ac h iev e d  
until  a s i tu a t io n  is reached  where  the  degree of corresponding  
t r a n s v e rs e  shor ten ing  c a l le d  for c r ea te s  an  in to le rab le  te n s io n  
in the  t r a n s v e rs e  a x i s .  T ransverse  te n s io n  thus  becom es  the  
limiting fac to r .
41
In p r ac t ic e  it  is u sua l  to  fix the  an g le  a t  6 0^ and  to  vary 
th e  limb length  to  a c h ie v e  the  maximum degree  of leng then ing  
w hich  the  c l in ic a l  s i tu a t io n  w il l  t o l e r a t e .  W hy th i s  should  
be  so  is  not com ple te ly  c l e a r  though it  is of in te r e s t  to 
s p e c u la te  on p o s s ib le  r e a s o n s  s in c e  " i t  is a lw ay s  w is e  to  
r e s p e c t  the  empirical  f indings of p rac t ica l  su rg eo n s"
(Kenedi, 1965).
I n c r e a s e  in limb le n g th ,  a s  a l re ad y  sh o w n ,  c a u s e s  
in c re a s e  in lengthening  by a s t ra igh t  fac to r  and  th is  can  
read i ly  b e  v i s u a l i s e d  by  the  su rg eo n .  Even a small  in c re a s e  
in an g le  s i z e  h as  a much g rea te r  e f fec t  on leng then ing  and  
h en c e  on t r a n s v e r s e  shor ten ing  than  an  ap p a ren t ly  com parable  
in c re a s e  in limb le n g th .  The graph of leng then ing  in 
re la t io n  to  ang le  s i z e  (Fig. 11) is v i r tua l ly  l in e a r  over  th e  
r e lev an t  range ,  namely 40*  ^ -  90^ .  In th is  r an g e ,  if we 
c a l c u l a t e  from the  f igures  in Table 1, the  in c re a s e  is a lm os t  
c o n s t a n t ,  a s  one would expec t  from the  l in e a r  g raph ,  bu t  it 
is a c o n s id e ra b le  in c r e a s e ,  16% -  18% for ea ch  10^ .  This 
means th a t  leng then ing  and shor ten ing  are  in c re a s in g  quite  
rap id ly  a s  the  ang le  I n c r e a s e s ,  so  th a t  even  a sm all  and  not
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very  obvious in c re a se  in ang le  s iz e  has  a n o t ic eab le  effec t  
on t r a n s v e r s e  t e n s io n .
It  follows th a t  limb length  is a much f iner  ad ju s tm en t  in 
contro l l ing  the  e f fec t  of the  Z -p l a s ty ,  and th i s  provides a 
p o s s ib le  exp lana t ion  of why limb length  ra the r  than  ang le  
s i z e  is used  in p rac t ic e  a s  the  limiting fac to r  in ad ju s t in g  
leng then ing  and  sh o r ten ing .
THE MULTIPLE Z-PLASTY
In most d i s c u s s io n s  of the  Z -p l a s ty ,  it is the  lengthen ing  
w hich  is d i s c u s s e d ;  the  shorten ing  which  makes it p o s s ib le  
re ce iv e s  s c a n t  m ention .  One can  reco g n ise  even now the  
remnants of empiricism in comments s t i l l  made on l im ita t ions  
of u se  such  a s  " the  Z -p l a s ty  does not do w el l  in broad s c a r s "  
or " la rge  Z -p l a s t i e s  cannot  be  used  in the  l im b s . "  Both of 
t h e s e  s t a t e m e n t s ,  t rue  a s  they  a r e ,  r e su l t  from the  fac t  tha t  
the  Z -p l a s ty  is  only p o ss ib le  if s la ck  is a v a i l a b le  in the  
t r a n s v e r s e  a x i s ,  to  b e  ta k en  up by  the  t r a n s v e r s e  shorten ing  
w hich  ta k e s  p l a c e .  From the second  of th e s e  s t a t e m e n t s ,  
how ever ,  grew the  idea of us ing  more than  one small 
Z -p l a s ty  in the  l im b s ,  though the  underlying ra t io n a le  w as
43
not r e c o g n i s e d .  A Z -p l a s ty  which  is on the  border l ine  a s  
regards  la te ra l  t e n s io n  has  an  added  problem a r is in g  from 
the  fac t  tha t  the  te n s io n  is concen tra ted  in a s in g le  line^ 
the  p o s t -o p e ra t iv e  t r a n s v e rs e  axis^ and th is  can  prove 
d i s a s t ro u s  to  its  blood su p p ly .
'The modif icat ion  required is one w hich  w il l  a c h ie v e  the  
d es i red  lengthening  and a t  the  same time reduce  t r a n s v e r s e  
shor ten ing  to  an  a b s o lu te  minimum^ in add i t ion  e l im ina t ing ,  
if p o s s i b l e ,  the  s in g le  t r a n s v e rs e  te n s io n  l i n e .
The so lu t ion  l ie s  in dividing the  con trac tu re  into 
segm en ts  and using a Z -p l a s ty  in each  s e g m en t .  In F ig .  12 
a com parison  is made b e tw een  a s ing le  la rge  60^ ang led  
Z -p l a s ty  and  a s t r ic t ly  com parable  s e r ie s  of small  Z -p l a s t i e s  
A s in g le  Z -p la s ty  which  w il l  a c h iev e  2 cm . of leng then ing  a t  
th e  e x p e n se  of 2 cm. of t r a n sv e rs e  shortening  is compared 
w ith  four small  Z - p l a s t i e s  each  with  limb leng th  a quar te r  of 
th e  limb length  of the  s in g le  large Z - p l a s ty .  Each of the  
small  Z -p l a s t i e s  leng thens  0 .5  cm . and sho r tens  0 .5  cm .
W hen  th e  overal l  change  is c o n s id e re d ,  how ever ,  the  
leng then ing  is found to be  in se r ie s  and is co n s eq u en t ly
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Sing le Z -p la s ty M ultip le  Z-p lasty
Scale
1cm.Zfst^ryal 
tension \ 
concen tnatzd
Lençé/ienirn^ , 2cm. 
Shortening, 2 cm.
lengthening, 2cm. 
Shortening, OS cm.
F ig .  12 : The s in g le  and  mult iple  Z -p la s ty  of s im ila r  to ta l  
leng ths  of con trac tu ra l  a x i s ,  compared from the  
point of view of lengthening  and  shor ten ing  » In 
both^ the  amount of lengthening  is s im ila r ,  but 
in the  mult iple  Z -p la s ty  shor ten ing  is  reduced  
by  a fac to r  equal  to  th e  number of Z - p l a s t i e s ,  in 
the  i l lu s t r a t io n ,  four .  The a l te ra t io n  in la te ra l  
t e n s io n  is  a l s o  s e e n .
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ad d i t iv e  so th a t  it a c h ie v e s  a to ta l  leng then ing  equa l  to  tha t  
of the  s in g le  la rge  2 - p l a s t y .  Shortening on th e  o ther  hand 
a t  each  t r a n s v e r s e  a x i s  is in p ara l le l  and  is co n s eq u en t ly  not 
a d d i t i v e .
The to ta l  d es i red  in c re a s e  of 2 cm . is thus  s t i l l  a c h iev e d  
bu t  in s t e a d  of an  im poss ib le  2 cm . of shor ten ing  con c en t ra ted  
a t  one t r a n s v e r s e  ax i s  we have  an  en t i re ly  p o s s ib le  0 .5  cm . 
of shor ten ing  rep ea ted  a t  the  t r a n s v e rs e  a x i s  of e a ch  of the  
sm all  Z - p l a s t i e s .  The mult iple small Z -p l a s ty  has  the  
added  ef fec t  of reducing  the  overal l  amount of t i s s u e  
d i s p la c e m e n t .  The Z -p la s ty  modified in th is  way a l s o  
red u ces  th e  v a s c u la r  hazard  due to co ncen t ra t ion  of te n s io n  
a long  one l i n e .  The v a s c u la r  hazard  is further  l e s s e n e d  by 
the  reduc t ion  in the  s i z e  of the  flap and th e  magnitude of the  
t e n s i o n .
The co n s t ru c t io n  of the  s e r ie s  of small  Z - p l a s t i e s  is 
referred  to  a s  a mult ip le  Z -p l a s ty  and when  each  is  s e p a ra te  
th e  to ta l  co n s t ru c t io n  is a multiple d isco n t in u o u s  Z - p l a s t y . 
There is no reaso n  why they  should  not a l l  run to g e th e r  
(Fig.  13),  and  the  r e s u l t  is th e n  c a l le d  a mult ip le  cont inuous
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Fig .  13 : The mult iple cont inuous Z -p la s ty  (B), showing 
i ts  development from the  multiple d iscon t inuous  
Z -p la s ty  (A).
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Z - p l a s t y . The multiple continuous Z -p l a s ty  is the  type 
most often u sed  in p r a c t i c e .
S ince i ts  ra t iona le  w as  e s ta b l i s h e d  (McGregor^ 1960), 
the  obvious ad v a n tag es  of the  multiple Z -p la s ty  have  
r e su l t e d  in its  d i sp lac in g  the  s ing le  la rge  Z -p l a s ty  in many 
s i t u a t i o n s .  In the  hand pa r t icu la r ly ,  where  its  ad v an tag e s  
a r e  most a p p a re n t ,  it has  a l low ed  the  developm ent of new 
tech n iq u e s  in the  t rea tm ent  of Dupuytren*s con t rac tu re  and 
o ther  c o n d i t io n s .  T hese  are  d i s c u s s e d  more fully  in the  
s e c t io n  on Hand Surgery,
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, . and  par t ly  in the  au tom at ic  e f fec t  of shea r ing  s t r a in ,  
by  w h ich  it tends  to d i s p la c e  parts  w hich  grow ob l ique ly  
to  the  d i rec t  l in e s  of t e n s io n  and  of p r e s s u re ,  w h i le  leav ing  
th o s e  in p lace  w hich  happen  to  l ie  para l le l  or pe rpend icu la r  
to  th o s e  l in e s  : an  au tom at ic  effec t  w hich  w e ca n  probably 
t r a c e  a s  working on a l l  s c a l e s  of magnitude . . . "
D'Arcy W entworth  Thompson, 
On Growth and Form, p .  241.
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It  is w e l l  r eco g n ised  th a t  sc a r s  in th e  f ace  tend  to  b e  more 
a c c e p ta b le  the  more near ly  they  l ie  in a l ine  of e le c t io n  and 
th e  Z -p l a s ty  is  u sed  to  modify s c a r s  so  th a t  part  of th e i r  
leng th  w il l  l ie  in su c h  a l i n e .  It is n e c e s s a r y ,  how ever ,  to  
e s t a b l i s h  f i rs t  of a l l  what  a l ine of e le c t io n  i s .
Until  qu i te  r ecen t ly  it w as  gen e ra l ly  a c c e p te d  th a t  the  
proper  l in e s  for s c a r s  w ere  h an g e r 's  l in e s  (Langer, 1861), 
w hich  map out the  l in e s  of dermal c le a v a g e  (Jones ,  1941),
In f a c t ,  in v es t ig a t io n  show s c lea r ly  t h a t ,  d e s p i t e  the  b e l i e f ,  
f requen t ly  e x p re s s e d  by  s u rg e o n s ,  in the  r e le v a n c e  of h a n g e r 's  
l in e s  a c c u ra te  maps of h is  l ines  w ere  not c l o s e ly  s c ru t i n i s e d .  
The myth w a s  e f fec t iv e ly  dem olished  in 1951 when  K ra iss l  
provided reproduct ions  in d e ta i l  of the  l ines  in the  f ace  from 
h an g e r ' s  or ig inal  p ap e r .  Taking a s  h is  b a s i c  p rem ise  the  
s e l f - e v i d e n t  fac t  th a t  appropr ia te  l in e s  for s c a r s  l ie  a long  
th e  pa t te rn  of w r in k le s ,  K ra iss l  w as  a b le  to  dem ons tra te  th a t  
in v i r tua l ly  no part  of the  f ace  did the  pat tern  of w rink les  
co in c id e  w ith  the  pat tern  of h an g e r 's  l in e s  (Fig, 14).  It is 
obvious enough now th a t  K ra iss l  (1951) h a s  po in ted  out the
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F ig .  14 : The pa t te rn  of wrinkling and  its  r e la t io n s h ip  to  
the  underlying fac ia l  m u sc le s  (A), compared 
w ith  h a n g e r ' s  l in e s  (B), in the  f a c e .
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f a c t j  though Le Gros Clark  had  pointed it out in 1939, tha t  
th e  w rink le  pat tern  is a c tu a l ly  re la ted  to  the  underlying 
m u sc le s  of fac ia l  e x p r e s s io n .  W rinkles  run a t  r ight an g le s  
to  the  pull  of the  m usc le  w h o se  con t rac t ion  h as  produced the  
w r in k le .  There is  l i t t l e  doubt of cou rse  th a t  prior to 1951 
many su rgeons  p lanned  the i r  e l e c t iv e  in c is io n s  in the  f ace  
ex a c t ly  a s  we do to - d a y  bu t  in the  m is taken  b e l i e f  th a t  in 
so  doing they  were  us ing  h an g e r 's  l i n e s .
This pa t te rn  of w r ink les  is c lea r ly  v i s ib le  in the  o lder  
p a t ien t  but  in the  young ,  before  the  lo s s  of e l a s t i c i t y  has  
d eve loped  in the  sk in ,  it is not ye t  e s t a b l i s h e d  and w e have 
to  con ten t  o u rse lv e s  by th inking of them a s  l in e s  of e le c t io n  
for s c a r s .  For s im p l ic i ty ,  the  term l ine  of e le c t io n  w il l  be  
u se d  bo th  for the  l ine  in young and the  w rink le  in th e  a d u l t ,  
s in c e  for p rac t ica l  pu rposes  they  c o in c id e .
The g rea te r  the  ang le  b e tw een  s c a r  and l ine  of e lec t io n  
the  l e s s  a c c e p ta b le  co s m e t ic a l ly  the  s c a r  tends  to  b e .  The 
problem of a c c e p ta b i l i ty  of a s c a r  w hich  is o the rw ise  
s a t i s f a c to ry  a r i s e s  w here  the  s c a r  is more than  3 0^ off the  
l ine  of e l e c t i o n .  W hen a Z -p la s ty  is used  in th e  con tex t  of
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s c a r  surgery  it b reaks  the  l ine  of the  s c a r  and (Fig.  15) 
ch a n g es  the  d irec t ion  of what  in contrac ture  surgery  is 
c a l l e d  the  con t rac tu ra l  ax is  but which  in s c a r  surgery  might 
b e t t e r  be  c a l l e d  the  longitudinal  ax is  . W hen  th e  f laps  of 
the  Z -p la s ty  a re  t r a n sp o s e d  th is  longitudinal  ax i s  is 
conver ted  into a t r a n s v e r s e  l im b.  It  is found th a t  the  
d e s i ra b le  r e s u l t  is a c h ie v e d  by  get t ing  th is  limb to  l ie  p o s t -  
o pera t ive ly  in a l ine  of e l e c t io n .  The problem is to  des ign  
th e  Z -p la s ty  in such  a w ay  tha t  the  p o s t -o p e ra t iv e  t r a n s v e rs e  
limb l ie s  a long  a l ine  p re -de te rm ined  by  the  su rg eo n .
In working out the  lengthening  with  var ious  an g le  s i z e s  
in re la t ion  to  c o n t ra c tu re s ,  it had become appa ren t  on 
examining the  geom etr ica l  f igures tha t  a l te ra t io n  of ang le  
s i z e  had  the  inc iden ta l  e ffec t  of a l te r ing  the  d irec t ion  of the  
t r a n s v e r s e  ax i s  p o s t -o p e ra t iv e ly  (Fig, 16).  At the  sam e time^ 
working w ith  the  c l a s s i c a l  60^ angled  Z -p l a s ty ,  a method w as  
deve loped  (McGregor,  196 0) of s i t ing  the  Z -p la s ty  so  th a t  its 
t r a n s v e r s e  limb could  be  p laced  in a p redetermined s i t e  
(Fig.  17), re co g n is in g ,  of c o u r se ,  tha t  us ing  a 60^ Z -p la s ty  
the  t r a n s v e r s e  limb would l ie  a t  r ight an g le s  to  the  s c a r  l i n e .
5 3 .
ltn£ 0^  k dectioti
Fig .  15 : The effect  of a Z -p la s ty  p laced  in a l ine  of 
e lec t io n  in breaking  a s c a r  l in e .
5 4 .
A n gle  s iz e  30* 45"
F ig .  16 : The ch anges  In d irec t ion  of the  common limb of 
th e  Z w ith  d if ferent  an g le  s i z e s .
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Triangles constructed  around 
in te n d e d  tra n sv erse  limb.
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S e le c t io n  of 
Z -p la sty  cuts.
D
Transposition of 
Z -p la sty  flaps.
Completion of Z-plasty leav in g  
transverse limb in intended line.
F ig . 17 : The method of s iting  a 60 angled Z -p lasty
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A 60^ ang led  t r ian g le  w as  co n s t ru c ted  on both  s id e s  of 
th e  s c a r  (Fig* 17B) and the  s e l e c te d  2 - p l a s t y  cu ts  w ere  made 
(Fig* 17C)f each  ending on th e  predetermined t r a n s v e r s e  l i n e .  
T ranspos i t ion  of th e  f laps  (Fig* 17D)^ le f t  th e  t r a n s v e r s e  
limb lying a long  th e  s e l e c t e d  l ine  a s  p lanned  (Fig* 17E)*
This method w as  ad eq u a te  for the  t r a n s v e r s e  limb a t  right 
a n g le s  and? a s  w il l  be  s e e n  in i ts  ap p l ic a t io n  in Hand 
Surgery^ w a s  ex trem ely  valuable*  But in th e  f a c e ,  th e  l ine  
of e lec t io n  a l l  too seldom lay  a t  right an g le s  to  th e  scar*
W hat  w as  required  w as  an  ex ten s io n  of th e  method which 
would  al low th e  t r a n s v e r s e  limb to  be  p laced  in any  direction*
It w a s  apparen t  th a t  w ith  an  oblique t r a n s v e r s e  limb the  
Z -p l a s ty  an g le  would not be  60*^  but s e a rc h  for a so lu t ion  
w a s  a t  f i r s t  s id e t ra ck e d  by  a misguided concen t ra t io n  on ang le  
s i z e  a s  th e  var iable^  change  in which  would determine 
obl iqu i ty  of the  t r a n s v e r s e  limb^ not a l to g e th e r  su rp r is ing ly  
s in c e  it  had b ee n  in i t ia l ly  noted th a t  change  in obliqui ty  
occurred  w ith  change  in an g le  s ize*  In f a c t ,  th e  problem 
w a s  read i ly  so lved  once full u se  w as  made of th e  obse rva t ions  
th a t  :
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1 .  If a p a r t icu la r  t r a n s v e rs e  l ine  is s e l e c te d  and 
the  Z -p la s ty  cu ts  can  be  des igned  to  end up 
on th is  l in e ,  t r an sp o s i t io n  of the  f lap  w il l  in 
a l l  c i rcu m s ta n ces  leav e  the  t r a n s v e r s e  limb 
ly ing  a long  th is  s e le c te d  l in e .
2 .  The limbs of the  Z -p la s ty  are  equal  in l e n g th .
The M ethod  (Fig. 18)
The s te p s  are  more e a s i ly  i l lu s t ra ted  than  d e s c r ib e d .
W ith  the  s c a r  outl ined  (Step 1)^ the  l ine  a long  w hich  the  
t r a n s v e r s e  limb of the  completed  Z -p la s ty  is meant to  l ie  is 
drawn out on the  sk in  (Step 2) .  This wil l  na tu ra l ly  b e  in a 
l ine  of e l e c t io n .  The s iz e  of the  Z -p l a s ty  is determined 
(Step 3) by  measuring out the  length of the  in tended  t r a n s v e rs e  
limb a long the  l ine  of the  s c a r .
In th e  in i t ia l  development of the  method^ th is  leng th  w as  
equa l ly  proportioned on each  s id e  of the  l ine  drawn in Step 2 
to  rep re se n t  th e  l ine  of th e  t r an sv e rs e  limb of the  completed  
Z - p l a s t y .  This w as  found to produce a Z -p l a s ty  with equal 
a n g l e s .  Subsequen t ly  a way of producing a Z -p la s ty  with  
unequal  an g le s  has  b een  found bu t  meantime the  eq u i -a n g led  
Z -p l a s ty  a lone  w il l  be  d .o c u s s e d .
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in ten d ed  
-  line o f  
tra n sv er se
in te n d e d  
le n g th  o f  
tr a n sv e r se  
limb
F ig .  18 : The s te p s  used in planning and execu t ing  an  
equal ang led  Z -p la s ty  des igned  to  be of the  
length  in tended ,  and having its t r a n s v e r s e  
limb in the  d irec t ion  d e s i re d ,  by the  su rg eo n .  
The s ig n i f ic an c e  of each  s tep  is d e sc r ib ed  in 
the  t e x t .
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For the  e q u l -a n g le d  Z -p la s ty  th e n ,  an  equa l  amount of 
the  limb length  is marked out on each  s id e  (Step 4) .  From 
ea ch  extremity  of th is  len g th ,  a l ine  of s im i la r  leng th  is 
m easured  out to  meet the  l ine  of the  Intended t r a n s v e r s e  limb 
-  one on ea ch  s id e  (Steps 5 and 6).  T h ese  two leng ths  a re  
equal  to  the  Z limb a l re a d y  marked out and to g e th e r  th e  th ree  
make the  Z -p l a s ty  f laps  (Step 7).  T ranspos i t ion  (Step 8) of 
n e c e s s i t y  br ings  the  t r a n s v e rs e  limb into the  required  l ine  
(Step 9) and  th i s  is t rue  r eg a rd le s s  of i ts  d i r e c t io n .  Altering 
i ts  ob l iqu i ty  merely h a s  the  e f fec t  of a l te r in g  th e  s i z e  of the  
Z -p l a s ty  a n g l e .  I n c re a s e  of obliqui ty  reduces  th e  an g le  and 
d e c re a s e  of ob liqu i ty  in c re a s e s  the  ang le  -  to  a maximum of 
6 0^ a t  w h ich  point th e  t r a n s v e rs e  limb becom es  p e rpend icu la r  
to  the  l ine  of the  s c a r .
It w il l  be  appa ren t  th a t  the  6 0^ ang led  Z -p l a s ty  w ith  
p e rp en d icu la r  t r a n s v e r s e  limb is in p rac t ice  a l imiting 
s i tu a t io n  beyond w hich  obliquity  of the  t r a n s v e r s e  limb in the  
o ppos i te  d irec t ion  b eg in s  and the  Z -p l a s ty  arms are  t ransfe r red  
to  the  oppos i te  d irec t ion  (Fig, 19). It is  b e c a u s e  of th is  fac t  
th a t  two Z - p l a s t i e s  can  be  co n s t ru c ted  a t  the  limiting ang le  of 
6 0° .
bU ,
F ig .  19 ; The change  in t r a n s v e r s e  limb ob l iqu i ty  w ith
in c r e a s e  in an g le  s i z e  up to  the  60^ a n g le  w hen  
th e  t r a n s v e r s e  limb becom es  p e rp en d icu la r ,  
showing how the  6 0^ an g le  is in p ra c t i c e  a 
l im iting s i tu a t io n  w h ich  can  be  ap p ro ach ed  
from both  s i d e s ,  and  how two pa irs  of a n g le s  
and  c o n s e q u e n t ly  two se p a ra te  s id e s  c a n  be  
c h o s e n  in con s t ru c t in g  a Z -p l a s ty  a t  th i s  l im it ing  
a n g le  s i z e .
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It  should  be  ap p rec ia ted  tha t  the oblique Z -p la s ty  ju s t  
d esc r ib ed  is a pa r t icu la r  example of a more genera l  t y p e .  It 
is the  example in which an equal amount (Fig. 18, Steps 3 
and 4) of the  t r a n s v e rs e  limb length is marked out on both 
s id e s  of the  Intended p o s t -o p e ra t iv e  l ine  of the  t r a n sv e rs e  
l im b.  The effect  of marking it  out sym m etr ica l ly  In th is  w ay  
(Fig. 2 0A) is to  produce a Z -p la s ty  with  equa l  an g les  but 
the re  is no reason  why th is  length should  not be  marked out 
In an  asym m etr ica l  fash ion  (Fig. 2 OB).
The effec t  of marking it out asym m etr ica l ly  to  e i ther  
s id e  of the  s e le c te d  l ine  (Fig. 21) is to  produce a Z -p la s ty  
w ith  d i s s im i la r  a n g l e s ,  but  it is one in w hich  the  t r a n sv e rs e  
limb a f te r  t r an sp o s i t io n  of the  f laps s t i l l  l i e s  in the l ine  
s e l e c t e d  in the  p re -o p e ra t iv e  d e s ig n .
This asym m etr ica l  cons truc t ion  has  no pa r t icu la r  
ad v an tag e  In genera l  u se  but  it might be  d e s i ra b le  depending 
on ad jo in ing  s c a r s  or l ines  of e l e c t io n .  C e r ta in ly , ,  to  be  
ab le  to  cons truc t  it w ith  p re -opera t ive  a c c u rac y  and complete  
it w ith  ab s o lu te  ce r ta in ty  does  add an extra d imension  of 
f le x ib i l i ty .
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F ig .  20 : Equal proportions (A) and unequal proport ions (B) 
of t r a n s v e r s e  limb length  marked out on ea c h  s id e  
of the  s e l e c te d  t r a n s v e r s e  limb l ine  on th e  l ine  of 
th e  s c a r ,  showing how th e  re su l t  is e i th e r  (A) a 
symm etr ical  Z -p l a s ty  w ith  equal  a n g le s  or (B) an  
a sy m m etr ica l  Z -p l a s ty  w ith  unequal  a n g l e s ,  but  
w ith  the  same final  t r a n s v e r s e  limb l ine  in ea ch  
c a s e .
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F ig .  21 : The e f fec t  of varying the  proportions of t r a n s v e r s e  
limb leng th  on each  s id e  of the  s e l e c t e d  t r a n s v e r s e  
limb l ine  on the  shape  of the  Z - p l a s t y ,
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W hen su c h  an  oblique Z -p l a s ty  is be in g  constructedj ,  
w h e th e r  it b e  w ith  equal or unequal  a n g l e s ,  the  main limiting 
fac to r  r e s u l t s  from the  fac t  tha t  a s  the  t r a n s v e r s e  limb 
departs  from th e  pe rp en d icu la r ,  the  f lap becom es  narrower 
w i th  a l l  th a t  th is  means in terms of the  e f fec t  on its  b lood 
su p p ly .  The ob l ique  Z - p l a s ty ,  be ing  a te ch n iq u e  u sed  in 
s c a r  su rge ry ,  is g en e ra l ly  confined to  th e  f ace  and fac ia l  sk in  
w ith  i ts  e x c e l le n t  b lood supp ly  is more to le ra n t  of narrow 
f laps  than  sk in  e l se w h e re  on the  body s u r f a c e .  N e v e r th e le s s  
in the  f ace  too there  is a limit to  p e rm is s ib le  n a r r o w n e s s . 
For tuna te ly  the  p r e c i s e  narrowness  can  in any  c a s e  b e  
p red ic ted  a t  the  p lanning  s ta g e  before  an y  in c is io n  is a c tu a l ly  
m ade .
In u s ing  a Z -p l a s ty  in s c a r  su rgery ,  it is  usua l  if the  s c a r  
is  of any  leng th  to  b reak  i ts  l ine  w ith  more than  one Z - p l a s t y .  
W hen  a m ult ip le  Z -p l a s ty  is u sed  in th is  w ay  the  e f fec t  is to  
convert  a s in g le  l in ea r  s c a r  into a s e r ie s  of sm a l le r  s c a r s  
jo in ed  by  t r a n s v e rs e  limbs in l ines  of e l e c t io n ,  even in 
a c tu a l  wrinkle  l ines  if w r ink les  a re  p r e s e n t .  In the  idea l  
s i t u a t io n ,  e a c h  t r a n s v e r s e  limb would b e  c o n c e a le d  in the
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w r i n k le ,  in th e  l e s s  idea l  th e  t r a n s v e r s e  l im bs  a r e  l e s s  
n o t i c e a b le  even  if  th e y  a re  s t i l l  v i s i b l e .  S evera l  sm a l l  s c a r s  
c o n n e c te d  b y  t r a n s v e r s e  l im bs a r e  in an y  c a s e  l e s s  
c o n s p ic u o u s  th a n  a s in g l e  long s c a r .  It is  a l s o  found in 
p r a c t i c e  th a t  th e  la rg e  Z - p l a s t y  does  not g iv e  a s  good  a 
c o s m e t i c  r e s u l t  a s  th e  s m a l le r  Z .  In p lann ing  th e re fo r e ,  th e  
e s t im a te d  len g th  of th e  t r a n s v e r s e  limb sh o u ld  b e  k e p t  fa ir ly  
s m a l l .
W h e n  a s c a r  is  b e in g  b roken  up b y  s e v e r a l  Z - p l a s t i e s  in 
t h i s  w a y  (Fig,  22) ,  th e  l in e s  of e l e c t io n  a r e  l i a b le  to  run in 
d i f fe re n t  d i r e c t io n s  in d if fe ren t  par ts  of th e  s c a r  a n d  the  
t r a n s v e r s e  limb in e a c h  Z - p l a s t y  may h av e  to  v a ry  its  
d i r e c t io n  to  s u i t .  This  is  no problem s in c e  e a c h  ta n s  v e r s e  
limb c a n  h a v e  i ts  d i rec t io n  and  len g th  in d e p e n d e n t ly  p lanned  
in th e  m anner  d e s c r i b e d .  Examples a r e  show n in th e  c a s e s  
i l l u s t r a t e d  (F ig s .  23 and  24) .
W hen  a m ult ip le  Z - p l a s t y  is  u s e d  to  b reak  up a  s c a r ,  
prob lem s r e s u l t in g  from the  s im u l ta n eo u s  le n g th en in g  c a n  
occ u r  (F ig .  25) .  A Z - p l a s t y  w ith  th e  u su a l  a n g l e  s i z e s  
b e tw e e n  3 0° and  6 0° p ro d u ces  a s ig n i f i c a n t  am ount  of
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F ig .  22 : A s c a r  of f a c e ,  broken up by th ree  Z - p l a s t i e s ,
showing how the  t r an sv e r s e  limb of each  Z -p la s ty  
has  been  made to  vary its  d irec t ion  to  su i t  the  
d irec t ion  of the  l ine of e lec t ion  in the  par t icu la r  
part  of the  f a c e .
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Fig .  23 : A s c a r  of face ,  showing the  s tages  of e x c i s io n ,  
incorporating two Z - p l a s t i e s ,  in each  in s tan ce  
p laced  in the  l ine  of e l e c t io n .  The s c a r  (A), 
with  the  l ines  of ex c is io n  and the two Z -p l a s t i e s  
p laced  to l ie  in the  appropria te  l ine of e le c t io n  (B). 
The s c a r  e x c is e d  and the  Z -p la s ty  in c is io n s  made 
(C ) . The Z -p la s ty  f laps t ran sp o sed  (D), showing 
how the  t r an sv e r s e  limb l ie s  in the  l ine  of e lec t io n  
a s  p lanned in (3). The s c a r  sutured (E), and  the  
ap p e a ran ce  immediately a f te r  removal of the  
su tu res  (F).
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F ig .  24 : A t r ap -d o o r  s c a r  of ang le  of mouth e x c i s e d ,  
incorporating four Z -p l a s t i e s  in such  a w ay  
th a t  the  resu l t ing  t r a n s v e rs e  limbs l ie  a long  
a curving l ine  of e l e c t io n .  The s te p s  of th e  
manoeuvre a re  shown, ca rr ied  out accord ing  
to  F ig .  18.  The l ines  of the  t r a n s v e rs e  l im bs ,  
p lanned  in (3), are  s im ila r  in d irec t ion  to  th e  
p o s t -o p e ra t iv e  l im bs ,  a f te r  the  Z -p la s ty  f laps 
(F) have  b een  t r a n s p o s e d .
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C
F ig .  25 ; The mult iple Z -p la s ty  (A) where  the  full amount of 
leng then ing  canno t  be accomm odated  by the  
t i s s u e s ,  showing how overlapping from one Z to  
th e  next  deve lops  (B), t rea ted  by trimming the  
e x c e s s  on each  flap (C), a s  s e e n  in F i g . 2 6 .
7 0 .
l e n g th e n in g ,  25% to  75%, a s  an au tom at ic  and  in ev i ta b le  
co n s e q u e n c e  of the  f lap t r a n sp o s i t io n s  , This  leng then ing  
ca n  u su a l ly  only be  accomm odated  p a r t ia l ly  w ithou t  cau s in g  
d is to r t ion  w h ich  shows a s  an  overlapping of th e  f laps  a s  
th ey  p a s s  from one 2 to  the  nex t  (Fig. 25B). The over lap  
on ea ch  f lap is u su a l ly  e x c i s e d  (Fig, 26) .  E xc is ion  of the  
over lap  h as  th e  e f fec t  of reducing  the  overal l  leng then ing  
an d  co n s eq u en t ly  the  bulk of the  d i s to r t io n .
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F ig .  26 : The s ta g e s  in removal of the  e x c e s s  a s
ind ica ted  in F ig . 25, to  reduce  the  overal l  
len g th en in g .
7 2 .
C H A P T E R  5 
THE CURVING Z-PLASTY
"But th e  new and  important problem w hich  now em erges  is to  
co r re la te  th e  deformation or t ransform ation  w h ich  we d i sc o v e r  
in one p lane  w ith  tha t  which  we have  obse rved  in a n o th e r :  
and  a t  l e n g th ,  p e rh a p s , a f te r  g rasp ing  the  genera l  p r inc ip les  
of such  co r re la t io n ,  to  fo re ca s t  approx im ate ly  w ha t  is l ike ly  
to  ta k e  p la c e  in the  th ird  d im ension  when  we a re  a c q u a in ted  
w ith  tw o ,  th a t  is to  s a y ,  to  determine the  v a lu e s  a long  one 
ax i s  in terms of the  other  tw o ."
D'Arcy W entworth  Thompson, 
On Growth and  Form, p .  323 .
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Until  now con s id e ra t io n  of the  2 - p l a s t y  has  concerned  Its 
u s e  mainly in a s in g le  p lan e ,  and it has  proved p o s s ib le  to  
in terpret  the  obse rved  phenomena ad e q u a te ly  even al though 
th e  d i s c u s s io n  w as  l imited to  two d im e n s io n s .  It h as  b e e n  
found em pir ica l ly  over many y e a r s ,  how ever,  th a t  the  method 
is  a l s o  e f fec t ive  in ce r ta in  common problems involving curves  
where  a third d im ension  is invo lved .  In th is  s i tu a t io n  it can  
con v en ien t ly  be  ca l le d  a curving 2 - p l a s t y .
The problems are  notching of the  l l p  ^ b r id le  s c a r r in g  ^ i . e .  
sca r r ing  w hich  b r idges  a co n c av i ty ,  congen i ta l  r in g -  
co n s t r i c t io n s  of the  limbs (Dingman, 1955), and th o s e  which  
a r i s e  in deepen ing  f inger  c le f ts  . It is  t rue  th a t  o ther  re la ted  
problems ca n  be  so lved  by the  2 - p l a s t y  bu t  the  r e la t io n sh ip  
to  one of th e s e  b a s ic  s i tu a t io n s  is su f f ic ien t ly  obvious to 
obv ia te  the  need to  d i s c u s s  each  ind iv idua l ly ,  a t  l e a s t  from 
a th e o re t ic a l  point  of v ie w .  It is  a l s o  true  th a t  the  curving 
2 - p l a s t y  has  po ten t ia l  u se s  in o ther  f ie lds  of su rge ry .  Some 
of t h e s e  w il l  be  d i s c u s s e d  in the  s e c t io n  head ed  D is c u s s io n  
and C o n c lu s io n .
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A further  finding is th a t  th e  curving Z -p l a s ty  can  be  used  
"in r eve rse"  to  shor ten  where  it u sua l ly  leng thens  and 
leng then  w here  it u su a l ly  s h o r te n s .  This adm it ted ly  is rarely  
requ ired ,  in fac t  v i r tua l ly  only in re la t ion  to f inger  w ebs , It 
w il l  b e  d i s c u s s e d  in tha t  c o n te x t .
Using  the  knowledge of the  Z -p la s ty  a l re ad y  a c q u i red ,  it 
is  p o s s ib le  to exp la in  the  ra t iona le  of the  curving Z -p la s ty  
in th e s e  s i tu a t io n s  d e s p i te  the  added  d im en s io n .  The fac t  
tha t  the  Z -p la s ty  is not being  used  on a r e a s o n a b ly  p lane  
su r face  but on a s e r ie s  of curved su r face s  does  modify i ts  
e f fec t  very  con s id e rab ly  bu t  the  observed  phenom ena,  
p a r t icu la r ly  a s  they  r e la te  to  its mode of a c t io n ,  can  s t i l l  be  
exp la ined  in terms of lengthening  and  shor ten ing  in the  two 
a x e s  which  ta k e  p la ce  w hen  Z -p la s ty  f laps  a re  t r an sp o s e d  
(Fig.  27) .  It is not a change  in the  fac t  of leng then ing  and 
shor ten ing  bu t  ra ther  a change  in the  e f fec t .
To a p p rec ia te  the  e f fec t  of leng thening  and  shor ten ing  
when the  curving Z -p la s ty  is u se d  in th is  con tex t  it must f i rs t  
be  a p p re c ia ted  there  may b e  no con trac tu re  involved and the  
surrounding t i s s u e s  may b e  re la t iv e ly  fixed in pos i t ion  a s  a
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axis len g th en ed
y
axis  sh o rten ed
F ig .  27 : The 60 angled  Z -p la s ty  showing how its  
e f fec t  is to  leng then  and shor ten  in the  
perpend icu la r  a x e s .
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r e s u l t .  Furthermore the  lengthening  and  shor ten ing  is tak ing  
p la ce  a long  th e  l ine  of a curve w h o se  ends  a re  v i r tua l ly  
fixed in p o s i t io n .
If w e  c o n s id e r  such  a cu rve ,  ÀB (F ig . 28), w ith  end
points  A and B fixed in p o s i t io n ,  the e f fec ts  of leng thening
and  shor tening  can  read i ly  be  o b se rv ed .  As lengthening
1 1  2 2o c c u rs ,  the  curve becom es  g rea te r  in depth  (A B and A B ) .  
As shor ten ing  o cc u rs ,  the  curve becom es sha l low er  (A^B^) 
until  a limit  is reached  and it becom es  a s t ra ig h t  l ine  (A^B^), 
a s t ra ig h t  l ine  being  the  sh o r te s t  p o s s ib le  d i s t a n c e  be tw een  
A and  B .
Accepting the fac t  then  tha t  if a 60^ Z -p l a s ty  is carr ied  
out in t h e s e  c i rcu m s tan ces  lengthening  and  shor ten ing  in the  
two perpend icu la r  a x e s  w il l  occur ,  its e f fec t  on the  var ious  
cu rves  concerned  w il l  b e  of th e  nature d i s c u s s e d  a b o v e . The 
remaining point is to  s e e  where  the  a x e s  should  be  in each  
of the  c l in ic a l  s i t u a t i o n s .
Notching  of the  Lip
The ax e s  here  a re  th e  l ine  of the notch  i t s e l f  and  the  
l ine  of the  Up margin  ^ and a s  can  be  s e en  th e y  l ie  a t  right
y y
A-
shortening
/
B,
lengthening
\
Fig« 2 8 : The e f fec t  of leng then ing  and th e  e f fec t  of
shor ten ing  a curve^ th e  ex t rem it ies  {Aj  B) of 
w h ich  a re  f ixed in p o s i t io n .
1 1Lengthening  dee p en s  the  curve^ AB —^ A B
Shortening m akes  the  curve sha llower^  AB —*^A^B^, 
f ina l ly  making a s t ra igh t  line^ A^B^.
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a n g le s  to  each  other  (Fig. 29).
If w e c o n s id e r  the  l ine  of the  no tch  w hich  is th e  curve 
an y  manoeuvre w hich  has  the  e ffec t  of in c reas in g  i ts  length  
w i l l  tend  to  reduce  the  n o t c h f i n a l l y  e l im ina ting  it a l to g e th e r  
w hen  the  curve has  become a s  long a s  the  curve of the  
ad jo in ing  normal l ip .  We w ish  therefore  to  leng then  th is  
a x i s .  C ons ider ing  the  l ine  of the  lip margin a s  it dips into 
the  notch  and down ag a in  into the  normal lip margin (AA)  ^ any  
manoeuvre w hich  has  the  effec t  of shor ten ing  its  leng th  w il l  
r educe  and  f ina l ly  e l im ina te  the  notch co m p le te ly .  W e w ish  
there fore  to  shor ten  th is  ax is  ; As has  a l re ad y  b een  shown^ 
the  Z -p l a s ty  s im u l tan eo u s ly  leng thens  and shor tens  i ts  ax e s  
and  in th is  w ay  e l im ina tes  the  notch  (Figs . 3 0 and 31).
The Bridle Scar
' Such a s c a r ,  in re la t ion  to  the  hollow it b r idges^  can  
e i th e r  be  d e e p ,  i . e .  com parat ive ly  short in re la t ion  to  the  
depth  of the  hollow^ or shallow^ i . e .c o m p a ra t iv e ly  long in 
re la t ion  to  the  depth of the  hollow . The u se  of the  Z -p l a s ty  
d iffers  in t h e s e  two s i tu a t io n s  in tha t  the  deep  s c a r  is 
co r rec ted  by  us ing  one la rge  Z -p la s ty  (F ig . 32) w h i le  the
7 9 .
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i l l  I'
A A
axis to be 
s h o rte n e d
B &
ax is  to  be 
le n g th e n e d
F ig .  29 : The u se  of the  Z -p la s ty  to co r rec t  no tching  of 
the  l ip ,  showing how the  effec t  is  a c h ie v e d  by 
leng then ing  the  B -  B ax is  and shor ten ing  the  
A -  A ax is  .
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F ig .  30 : A diagram of the Z -p la s ty  p laced  to  co r rec t  
notching of the l ip .
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F ig .  31 : The ap p earance  (A) following an  u n sa t i s fac to ry  
primary repair  of a c le f t  l ip ,  with  notching of 
the  lip as  part of the  deformity, and  (B) the  
ap p ea ran ce  following secondary  repa i r ,  showing 
the  e f fec t iv en e ss  of the  Z -p l a s ty ,  incorporated 
a s  part of the p rocedure ,  in correc t ing  th is  
a s p e c t  of the deformity .
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F ig .  32 : An example of a s ing le  Z -p la s ty  used  in a
condit ion  ak in  to  m e  deep b r id le  s c a r ,  namely 
the  neck webbing component of Turner 's  
sy n d ro m e .
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sha l low  s c a r  requ ires  a multiple Z -p la s ty  (Fig. 33) .  Before 
d i s c u s s in g  the  d ifferent handl ing  of th e s e  two s c a r  t y p e s ,  
deep  and  sh a l lo w ,  it is appropr ia te  to  d i s c u s s  in terms of 
leng then ing  and  shor ten ing  of ax i s  curves  why the  Z -p la s ty  
works a t  a l l .
If w e c o n s id e r  th e  a x e s  to  b e  leng thened  and sh o r ten e d ,  
they  a re  the  l ine  of the  s c a r  i t s e l f  and the  l ine  drawn from i ts  
ce n t re  a t  r ight a n g le s  to  it (Fig. 34) ,  Since the  points  
marked a t  A, B, C and  D in F ig .  34 a re  a s  a l re ad y  s ta te d  
f ixed  p o in ts ,  leng then ing  of AB, the  l ine  of the  s c a r ,  w il l  
t r a n s l a t e  it  in to the  l ine  of the  hollow and e l im ina te  its  b r id le  
e le m e n t .  At the  same t im e ,  the  l ine  CD r is ing  up from the  
hollow on ea ch  s id e  to  the  s c a r  wil l  by  shor ten ing  become 
th e  s t r a ig h t  l ine  which  would re su l t  if the  b r id le  s c a r  w ere  
e l im in a ted .  The Z -p la s ty  w ith  a x e s  a long  th e  l in e s  AB and 
CD w il l  produce th is  e f fec t  by  leng then ing  and  s h o r t e n in g .
W ith  th e  a x e s  thus  e s t a b l i s h e d  the  d if fe ren t  p rac t ice  
when  the  hollow is deep  and  shallow in r e la t io n  to  the  s c a r  
remains to  be  exp la ined  (Fig. 35) .  The shor t  s c a r  w i th  deep  
hollow and  the  long s c a r  w ith  shallow hollow a re  th e  extremes
8 4 .
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F ig .  33 : An example  of th e  mult iple  Z -p l a s ty  used  in a 
sha l low  br id le  s c a r .
It should  be noted tha t  it has  b e e n  p o s s ib le  
to  p lace  each  t r a n s v e r s e  limb in a l ine  of 
e l e c t io n  us ing  the  method shown in F ig .  18.
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shortened
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F ig .  34 : The appropr ia te  a x e s ,  A3 and C D , when  the  
Z -p l a s ty  is used  to  correc t  a b r id le  s c a r .
Lengthening of A3 and shor tening  of CD to g e th e r  
have  the  effec t  of making the  b r id le  s c a r  s i t  into 
the  h o l lo w .
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b u t  from d i s c u s s io n  of the  extremes the ra t io n a le  of the  
in te rm ed ia tes  follows read i ly .
In the  deep  hollow (Fig.  35) with a x e s  lab e l l ed  
the  amount of leng then ing  required of A^B^ is n ea r ly  s im ila r  
to  the  amount of shor ten ing  required of to  e l im ina te  the
br id le  e lem ent of the  s c a r .  This means th a t  the  s i tu a t io n  
would b e s t  be  se rved  using  one la rge  s ing le  Z -p l a s ty  s in ce  
w ith  a s in g le  Z -p l a s ty  lengthening  and shor ten ing  in the  two 
a x e s  is e q u a l .
In the  sha llow  hollow (Fig, 35) w ith  a x e s  l a b e l l ed
s ing le  la rge  Z -p la s ty  would be  inappropria te  
a s  only enough shorten ing  is required in one a x i s  to  s t ra igh ten  
out ^ 2 p 2  ^ Z -p la s ty  des igned  to  do th is  would accom pl ish
far  too  l i t t l e  lengthen ing  a long th e  ax is  A^B^ . In add i t ion  
shor ten ing  of is required a l l  the  w ay  a long  th e  s c a r .
N e v e r th e le s s j  cons ider ing  the  overal l  leng thening  required to  
co r rec t  A^Bg, the  same amount may be  nepded a s  w as  required 
in A^B^j the  short  s c a r  w ith  deep  ho l low .  The problem can  
b e  so lved  by  us ing  a mult iple  Z -p la s ty  where the  overal l  
leng then ing  be ing  in s e r ie s  is equal to  th a t  of th e  equ iva len t
8 7 .
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Fig ,  35 : Comparison  of the  deep br id le  s c a r  -  C^D^)
and the  shallow bridle  s c a r  -  C ^ D ^ ) ,
In A^B^ - th e  lengthening  of A^B^ required
equa ls  the  shor tening  of C^D^ required^ and 
con seq u en t ly  the  s ing le  Z -p la s ty  Is app ro p r ia te .
In A^B^ “ the  lengthening  of A^B^ is much
grea te r  than  the  shortening of C^D^^ though the  
shortening needs  to  be  repea ted  a t  each  t r a n s v e rs e  
limb along th e  length of the  s c a r ,  and so  the  
multiple Z -p la s ty  Is ap p ro p r ia te .
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la rge  Z -p l a s ty  (Fig. 12)  ^ but the  t r a n s v e r s e  sho r ten ing  Is 
reduced  by a fac to r  equal to  the  number of Z -p l a s t i e s ^  
a s su m in g  them to be  a l l  of th e  same s i z e .
Between t h e s e  ex trem es  th e  appropr ia te  Z - p l a s ty  or 
Z - p l a s t i e s  would  vary in s iz e  accord ing  to  th e  lo c a l  amount 
of sho r ten ing  req u i red .  W hen a mult iple  Z - p l a s ty  Is required  
th e re  Is a tem pta t ion  to  make a l l  the  Zs of th e  sam e s i z e  but 
of co u rse  th is  Is not e s s e n t i a l .  If th e  hollow is d ee p e r  a t  
one point  th e  sho r ten ing  in th e  t r a n s v e r s e  a x i s  requ ired  a t  
th a t  poin t  w il l  be  g re a te r  and  th e  Z -p l a s ty  In th i s  segm en t  of 
th e  s c a r  can  b e  in c re a s e d  in s i z e  a p p r o p r i a t e ly . Even 
a l low ing  for th e  f ac t  th a t  t r a n s v e r s e  sho r ten ing  ca n  be  made 
to  vary  In th i s  w ay  overa l l  leng then ing  w il l  b e  u naf fec ted  if 
th e  Z -p l a s ty  is of the  mult ip le  cont inuous  type  and  the  a n g le s  
h av e  remained a t  6 0^ s in c e  It w i l l  s t i l l  be  a 75% In c re a s e  on 
th e  or ig ina l  le n g th .
It is not a lw ays  p o s s ib le  to  e s t im a te  p r e -o p e ra t iv e ly  the  
p r e c i s e  shor ten ing  and more important the  p r e c i s e  leng then ing  
required  in a g iven  b r id le  s c a r  but  the  d e s ig n  of the  f laps  a s  
it  r e l a t e s  to  limb length  is for tunate ly  only th e  c o a r s e
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ad ju s tm e n t  of len g th en in g .  Lengthening te n d s  if any th ing  to  
b e  overdone and  as  a l ready  ind ica ted  (Fig.  25) th i s  shows a s  
overlap a s  one 2 p a s s e s  to  th e  n e x t .  Excis ion  of th e s e  
provides  a f inal  f ine ad jus tm en t  of the  length  (Fig. 26).
C ongen i ta l  R in g -C o n s t r ic t io n
The s i tu a t io n  in th is  condi t ion  has  s im i la r i t i e s  to  th a t  of 
the  lip no tch  If one Imagines the  notch con t inued  around the  
c i rcum ference  of the  limb or finger; the  main change  in 
Z -p l a s ty  co n s t ru c t io n  is the  u se  of a cont inuous  mult iple  
Z -p l a s ty  (Fig.  36) in s tead  of a s in g le  Z.
In one ax is  we w ish  to  lengthen  the  c i rcum ference  of the  
limb a t  the  d e e p e s t  part  of the  co n s t r ic t io n  until  it  equa ls  
th a t  of the  ad jo in ing  normal l imb.
In the  o ther  a x i s ,  which  is a t  right angles^  we w ish  to  
e l im ina te  th e  dip Into the  c o n s t r i c t i o n . The dip can  be  
e l im ina ted  by  shor ten ing  Its l ine from a curve dipping Into 
the  co n s t r i c t io n  to  a s t r a ig h t , l in e  running a c ro s s  I t .
W ith  bo th  of th e s e  ach iev e d  s im u ltaneous ly  the  
c o n s t r ic t io n  would be  e l im in a ted .  A mult ip le  Z -p l a s ty
30 .
> .r
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P i g . 36 : The use  of the  multiple Z -p l a s ty  in congen i ta l
r in g -c o n s t r ic t io n  of the  limb showing the  a x e s  
to  be  leng thened  and shortened^ and  the  way 
in w hich  the  multiple Z -p la s ty  a c h ie v e s  t h i s .  
The multiple Z -p la s ty  enc irc l ing  the  limb has  
b e e n  drawn opened out to  show more c lea r ly  
how leng then ing  and  shor tening s t i l l  occur  in 
the  re levan t  a x e s ,
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c o n t in u e d  around th e  limb c i rcum ference  w i l l  p roduce the  
d e s i re d  leng then ing  in the  c i rcum feren t ia l  a x i s  s o  th a t  th e  
to ta l  c i rcum fe rence  is i n c re a se d  until  it  eq u a ls  the  ad jo in ing  
normal l im b .  A t  the  sam e time shor ten ing  in e a c h  t r a n s v e r s e  
ax i s  e l im in a te s  the  dip into  th e  c o n s t r i c t io n  (Fig .  37) .
The b e n e f i c i a l  e f fec t  of th e  mult ip le  Z - p l a s t y  show s 
e s p e c i a l l y  w e l l  in th is  s i tu a t io n  for the  requ ired  c i rcum fe ren t ia l  
leng then ing  is very  la rge  compared w ith  th e  t r a n s v e r s e  
sh o r te n in g .  The d e s i r e d  com para t ive ly  sm all  am ount  of 
sh o r ten in g j  r e p e a te d  a l l  th e  w ay  round the  limb^ is th e  r e s u l t  
w h ich  th e  m ult ip le  Z -p l a s ty  s e l e c t iv e l y  a c h i e v e s .
A r e la te d  problem is th e  c i rcum fe ren t ia l  s t r i c tu re  in a 
hollow tube  or^ more often^ of th e  en t ra n ce  to  a hollow tu b e ,  
e . g .  th e  co n t ra c te d  ex te rna l  aud i to ry  m eatus  or the  p o s t ­
vu lvec tom y c o n s t r i c te d  in tro i tus  . If w e  regard  th e  ring -  
c o n s t r i c t io n  a s  the  “po s i t iv e"  then  t h e s e  problems a re  th e  
co r respond ing  " n e g a t i v e " .  W ith  th e  problems e s s e n t i a l l y  
s im i la r  the  m ult ip le  Z -p l a s ty  is  equa l ly  e f f e c t iv e  and  for 
p r e c i s e ly  th e  sam e r e a s o n s .  The sam e p r in c ip le s  h av e  a l s o  
b e e n  em ployed in the  t rea tm en t  of th e  s t e n o t i c  co lo s tom y  
stom a (Lyons and  gimon^ 1960).
92 .
y
F ig .  37 : An example of the  mult iple Z -p l a s ty  u sed  to 
co r rec t  congen i ta l  r in g -c o n s t r ic t io n s  of the  
f in g e r s ,  showing (A) the  p re -o p e ra t iv e  a p p e a r a n c e ,
(B) the  immediate p o s t -o p e ra t iv e  a p p e a r a n c e ,  and
(C) the  final r e su l t  with  com plete  co r rec t ion  of 
the  r in g -c o n s t r ic t io n s  .
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The F merer Web
In deepen ing  su c h  a web the  ax i s  requir ing  to  be  
len g th en e d  l ie s  a long  th e  l ine  of the  curve of th e  w e b . 
In c rea s in g  the  leng th  of th i s  curve  must of n e c e s s i t y  deepen  
th e  web » Shortening of th e  ax is  p a s s in g  up and  over  the  
web a t  r ight a n g le s  w il l  s im ila r ly  deepen  th e  web (Fig.  38) • 
The Z - p l a s ty  a c c o m p l i s h e s  both  (Fig. 39).
It is found in p ra c t ic e  th a t  if the  web is  not r e a s o n a b ly  
b road  befo re  th e  deepen ing  procedure  the  Z -p l a s ty  does  not 
work w e l l .  This  is so  b e c a u s e  a Z -p l a s ty  of r e a s o n a b le  
limb leng th  canno t  b e  co n s t ru c ted  in the  narrow web (F ig . 40) .  
W ith  an e x c e s s iv e ly  shor t  in i t ia l  limb lengthy leng then ing  
and  shor ten ing  a s  a l re ad y  shown would b e  co r respond ing ly  
sm alls  and  render  the  procedure  p o i n t l e s s .
The Reverse  Z -p l a s ty
If th e  Z -p l a s ty  can  be u sed  to  deepen  a web^ th e  c o n v e rse  
shou ld  a l s o  b e  p o s s i b l e ,  namely tha t  a “r e v e r s e  Z -p la s ty "  
shou ld  b e  e f fec t iv e  in making a web more s h a l lo w .  C le a r ly  
it  is not a p rocedure  ca l le d  for often but  in th e  c a s e  of the
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F ig .  38 : The ax e s  In w hich  lengthening  and shor ten ing
ta k e s  p lace  when a 2 - p l a s t y  is used  to  deepen  
a f inger  cleft*
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F ig .  39 : The c le f t  be tw een  thumb and  index f inger  deepened
us ing  a Z -p l a s ty ,  showing the  severa l  s t a g e s .  The 
p re -o p e ra t iv e  s t a te  (A) and the  Z -p la s ty  drawn out 
(B). The f laps  cu .  (C) and t r an sp o s e d  (D and E ) . 
The final r e su l t  (F).
bo
F ig .  40 : The d if fe rence  in the  Z -p l a s ty  in narrow and
broad w e b s .
The broad web (B) permits a Z -p l a s ty  of long 
limb length  to  be  c o n s t ru c ted  w hile  the  narrow 
web (A) permits only a Z -p i a s ty  with  shor t  
limb le n g th .
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lo b s te r  c law or th e  corresponding anomaly of the  foo t ,  the  
method can  be  used  to  a d v a n ta g e ,  the  s te p s  being  shown in 
F ig .  4 1 .  In e f fec t  the  surgeon s ta r t s  w ith  the  com pleted  
Z -p l a s ty  and  works back  to  the  p re -o p e ra t iv e  s t a t e .  
Reversing the  reason ing  used  for web deepen ing  (F igs ,  38 
and  39) the  web is made more shallow (Fig. 41) .
it
;
F ig .  41 : The reverse  Z -p la s ty ,  used  to  make a web more
shallow in " lo b s te r  claw" congen i ta l  anomaly of 
the  foo t .
The c le f t  be tw een  the hal lux  and  the  ad jo in ing  
toe  (A) is reduced  in depth using  the  rev e rse  
Z -p l a s ty ,  drawn out (B), with f laps  r a i s e d  (C), 
t r a n sp o s ed  (D), and sutured in pos i t ion  (E).
The end re su l t  is shown (F).
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C H A P T E R  6 
THE Z-PLASTY IN THE HAND
"It is c l e a r ,  I th in k ,  th a t  we may accoun t  for many ordinary 
b io lo g ica l  p r o c e s s e s  of development or t ransform ation  of 
form by the  e x i s t e n c e  of trammels or l in e s  of c o n s t r a i n t . . . "
D'Arcy W entworth  Thompson,
. On Growth and  Form, p .  287 .
1 0 0 .
In d i s c u s s in g  the Z - p l a s ty ,  e s p e c i a l ly  a s  it r e la te s  to  
c o n t r a c tu r e s ,  the  limiting fac to rs  have  b e e n  fully  d esc r ib ed  
bu t  nowhere in th e  body  do t h e s e  limiting fac to rs  e x a c t  a 
fu l le r  quota of r e s p e c t  than  in the  hand b e c a u s e  of i ts  
an a to m ica l  p e c u l i a r i t i e s .  In f a c t ,  m odif ica t ions  of d es ig n  
primarily in tended  for u se  in the  hand have  proved th e i r  va lue  
in other s i t e s .
The s i t e s  of the  body w here  the  Z -p l a s ty  h as  something  
to  offer concern  co n c a v i t i e s  ra ther  than  co n v e x i t i e s  -  it is in 
th e  p op l i tea l  f o s s a ,  not over  the  p a t e l l a ,  th a t  the  Z -p l a s ty  is 
u s e d .  In the  same w ay  th e  Z -p la s ty  is u sed  on th e  palmar 
su r fa ce  of hand and f inger ,  not on the  d o r su m .
C h a ra c t e r i s t i c a l l y ,  palmar sk in  sh a re s  w i th  p la n ta r  sk in  
a marked lack  of e x ten s ib i l i ty  and a l s o  a very  firm a t tachm en t  
to  the  underly ing  f a s c i a .  These  a t t r i b u t e s ,  in th e  con tex t  of 
the  Z - p l a s ty ,  mean th a t  palmar  sk in  n e i ther  moves e a s i l y  nor 
does  it turn r e a d i ly .  W hen a Z -p l a s ty  is used  in o ther  parts  
of the  body (if one ex c lu d es  i ts  ra the r  s p e c ia l  u se  in f a c i a l  
sca r s )  a good index of d es ign  and execu t ion  is t h a t ,  once cu t .
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th e  f laps  should  l i t e ra l ly  fall  into the i r  t r a n s p o s e d  p o s i t io n .
It should  be  d iff icu lt  to  return them to th e i r  p re -o p e ra t iv e  
p o s i t io n .  In the  hand ,  w ith  its  in e x ten s i le  sk in  r e lu c tan t  to  
move and tu rn ,  th is  is seldom : rue ,  and w ith  th is  re lu c tan c e  
to  move and  turn is coup led  th e  fac t  tha t  the re  is l i t t l e  if any  
sk in  to  spa re  e i the r  in the  palm or in the  f ingers . C lea r ly  
th is  is a s i tu a t io n  where  maximal leng thening  coup led  w ith  
minimal shor ten ing  is d e s i ra b le  and c o n seq u en t ly  in th e  hand 
the  mult iple  Z -p la s ty  is a lm o s t  un ive rsa l ly  u s e d .
In k eep ing  w ith  the  recognit ion  of the  fac t  th a t  s c a r s  in 
th e  palm should  para l le l  f lexure l i n e s ,  the  Z -p l a s ty  should  b e  
so  p lanned th a t  i ts  t r a n s v e r s e  limb a f te r  t r an s p o s i t io n  l ie s  in 
a f lexure l i n e .  Wood Jones (1941) s t r e s s e d  th a t  such  l ines  
mark the  s i t e  of w hat  he ca l le d  a " sk in  jo int"  brought into 
ac t io n  by  the  movement of an  underlying bony  jo in t ,  and  he  
pointed out th a t  they  c o n s t i tu te  l in e s  of com para t ive  sk in  
r e s t .  The a d v a n ta g e s ,  when a jo in t  has  to  be  c ro s s e d  by  the  
Z - p l a s ty ,  of having  the  t r a n sv e rs e  s c a r  in the  corresponding  
f lexure  l ine  s c a r c e ly  need to b : em p h a s iz ed .  The method of 
s i t ing  a t r a n s v e r s e  limb has  a l ready  been  dem ons tra ted  (Fig. 
17) and  the  same method is en t i re ly  a p p l ic a b le  in the  h a n d .
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AU th a t  n eed  be  done in p lanning  Is to  bring the  t r a n s v e r s e  
limb into th e  f lexure  l ine  -  a f ac t  more read i ly  s e e n  from 
i l lu s t r a t io n  th an  d e s c r ip t io n  (Fig.  42) .
The Z -p l a s ty  then  can  be  d es igned  so  th a t  th e  r e su l t in g  
t r a n s v e r s e  limb w il l  l ie  a long  the  f lexure l i n e ,  bu t  the  
q u e s t io n  remains of how la rge  each  Z -p l a s ty  can  b e  m ad e .
The palm differs  s l ig h t ly  from the  f ingers in the  fac to rs  w h ich  
limit s i z e  though the  f inal  l imits  th e m se lv e s  a re  v i r tu a l ly  the  
sam e in b o th .  A good working rule is th a t  a Z - p l a s ty  of a 
s i z e  w h ich  would fit  into the  ad jo in ing  p h a lan g ea l  segm en ts  
w i l l  g ive  r i s e  to  sho r ten ing  in the  t r a n s v e r s e  a x i s  a c c e p ta b l e  
to  th e  lo ca l  t i s s u e s .  This is  c e r ta in ly  th e  l a rg e s t  s i z e  w h ich  
should  b e  u sed  and  on o c c a s io n  a sm a l le r  one may be  
p re fe ra b le .
One would  e x p e c t  the  problem of fac to rs  l im it ing  s i z e  of 
th e  Z - p l a s ty  to  a r i s e  m ost  a c u te ly  in th e  f ingers  for it  is here  
th a t  the  l e a s t  t i s s u e  ap p e a rs  to  b e  a v a i l a b l e .  In the  palm, 
ho w ev e r ,  th e  a v a i l a b i l i t y  of sk in  for t r a n s v e r s e  sho r ten ing  is 
more ap p a re n t  than  r e a l .  The e x p a n se  of sk in  is adm it ted ly  
much g r e a te r  than  in the  f in g e r s ,  bu t  the  sk in  i t s e l f  is  more
1 0 3 .
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F ig .  42 : The mult iple Z -p la s ty  a s  u sed  in the  hand  a s  for
example in the  trea tm ent  of D upuytren 's  
co n t ra c tu re ,  showing how by  app ly ing  the  
t e ch n iq u e  shown in F ig .  17 the  t r a n s v e r s e  limb 
of each  Z -p l a s ty  can  b e  made to  l ie  in a f lexure 
l i n e .
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firmly f ixed to  the  underlying palmar f a s c ia  and  th is  in turn 
is anchored  to  the  m e taca rpa ls  by  i ts  v e r t ic a l  s e p t a .  T hese  
fac to rs  impair  i ts  mobil i ty  enormously and put s t r i c t  l imits  
on i t s  a v a i la b i l i t y  for t r a n s v e r s e  shor ten ing  a s  w e l l  a s  
reducing  i ts  c a p a c i ty  to  tu rn  read i ly  in t r a n s p o s i t io n  of 
Z -f la p s  , Furthermore the  sk in  in the  region of the  proximal 
and  d i s t a l  palmar c r e a s e s  has  a poor blood supply, in 
com par ison  with  the  palmar  sk in  e l sew h ere  (Conway and 
S tark ,  1954) and th is  is the  a rea  of the  palm w here  the  
Z -p l a s ty  ten d s  to  be  most often req u ired .  T h ese  fac tors  
combine to  p la ce  a very  s t r ic t  curb on the  s i z e  of Z -p l a s ty  
w hich  it  is s a fe  to  co n s t ru c t  in the  pa lm .  It  shou ld  
ce r ta in ly  not be  la rger  than  the  Z -p l a s ty  w h ich  would  be 
co n s id e red  appropr ia te  for the  proximal p h a lan g ea l  segm ent 
and  is often b e t t e r  made s m a l le r .
The lack  of a v a i la b le  t i s s u e  for t r a n s v e r s e  shor ten ing  
is  much more obvious in th e  f ingers and th e  a c tu a l  s i z e  of 
the  p o s s ib le  Z -p l a s ty  d im in ishes  from the  proximal to  the 
d i s t a l  ph a lan g ea l  s e g m e n t s ,  t h e r e  are  th ree  s e p a ra te  
fac to rs  w hich  can  be  r e sp o n s ib le  for t h i s , one or more of
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w hich  may be  opera t ive  a t  a time in each  of the  f i n g e r s . 
F i r s t ly ,  the  d i s t a n c e  be tw een  f lexure c r e a s e s  te n d s  to  
d im in ish  from the  proximal to  the  d i s t a l  end ,  and  the  
Z -p l a s ty  w hich  can  be  co n s t ru c ted  co n s e q u en t ly  becom es  
s m a l le r .  Secondly ,  the  f inger  narrows from th e  proximal 
the  d i s t a l  end ,  and  in co n se q u e n c e  the  t i s s u e  a v a i la b le  for 
t r a n s v e r s e  shor ten ing  becom es  l e s s . Thirdly,  the  mobility 
of the  do rsa l  t i s s u e s  becom es  l e s s  from the  proximal to  the  
d i s t a l  en d ,  reducing the  s la ck  av a i l a b le  for t r a n s v e r s e  
s h o r t e n in g .
The expe r ienced  surgeon  is u su a l ly  a b le  to  tak e  th e s e  
fac to rs  into ac co u n t  and des ig n  a cont inuous mult iple  
d im in ish ing  Z -p l a s ty  (Fig. 43) bu t  th is  is r a th e r  a ref inement 
and  by  no means ob l iga to ry .  An equa l ly  good r e su l t  w il l  be  
ob ta ined  by making a s e r ie s  of d iscon t inuous  Z - p l a s t i e s  
l inked  by  th e  s in g le  l ine  running proximo-d is  t a l l y  a long  the  
f ingers  and  palm (Fig.  44) .
It w a s  p rev ious ly  pointed out (Fig. 25) th a t  w i th  a 
mult ip le  Z -p l a s ty  lengthening  tends  som etim es to  b e  g rea te r  
than  the  t i s s u e s  c a n  accom m odate  and th is  g iv e s  r i s e  to
1 0 5
F ig .  43 : The mult iple  Z -p la s ty  used  in the  t rea tm ent  of
Dupuytren 's  con t rac tu re  involving the  l i t t le  
f inge r .
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û/aconû/nuous
Z~p/^9ty
F ig .  44 : The c e s ig n  of the  mult iple  d iminish ing Z -p la s ty
and  the  d iscon t inuous  Z -p l a s ty  showing how the  
two produce v ir tua l ly  iden t ic a l  r e s u l t s .
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over lapping  of the f laps  a s  th ey  p a s s  from one Z to  the  n e x t .  
This happens  a lm os t  Invariably when a mult iple  Z -p l a s ty  is 
u sed  in the  h an d .  W hile  it may be appropr ia te  in o ther  s i t e s  
to  trim the  e x c e s s  th is  should  not be  done in the  h a n d .  With  
the  t r a n s v e r s e  limbs p laced  in f lexure c r e a s e s  the  e x c e s s  
deve lops  b e tw een  the  c re a se s ^  par t icu la r ly  in the  middle of 
a pha langea l  segm ent (Fig. 43) .  There is a na tura l  bulk in 
th i s  part  of the  normal f inger  and the  redundancy  s e t t l e s  with 
time to  a normal and natura l  looking b u l k in e s s .
The method w as  in i t ia l ly  u se d  to  correc t  the  l in e a r  s c a r  
running a long  the  length  of the  f inger  w hich  w a s  giving rise 
to  a f lex ion  c o n t ra c tu re .  The s u c c e s s  of the  mult ip le  Z -p la s ty  
in th is  has  led  to  i ts  u se  in D upuytren 's  con t rac tu re  d e s p i te  
the  fac t  th a t  the  sk in  is not primarily involved by  the  
pa tho log ica l  co n d i t io n .  In D upuytren 's  con t rac tu re  it a l low s 
u se  of the  obvious and log ica l  surg ica l  approach  -  abhorred 
in the  p a s t  w ith  good rea so n  by so  many su rgeons  -  namely 
th e  long i tud ina l  in c is io n  along th e  length  of th e  involved 
f inger  and into the  palm a s  far  a s  n e e d e d .  Such a l in ea r  
in c is io n  g ives  e x c e l len t  exposu re ,  the re  is no b l ind  a rea  in
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th e  d if f icu lt  segm ent j u s t  proximal to  the  web^ and the  
n eu ro v ascu la r  bund les  can  be  v i s u a l i s e d  throughout th e i r  
l e n g th .  In th is  f ield too the  Z -p la s ty  though primarily 
be ing  u sed  for exposure  does in add i t ion  p o s i t iv e ly  e l im ina te  
an y  ten d en cy  to su b se q u e n t  s c a r  conjracLion.
C H A P T E R  7 
DISCUSSION AND CONCLUSION
1 1 0 .
I l l .
Recent  i s s u e s  of "P la s t ic  and R econstruc t ive  Surgery" ,  
the  Journal of the  American A sso c ia t io n  of P la s t i c  Surgeons ,  
h ave  con ta ined  a s e r ie s  of reprints  of c l a s s i c  t e x ts  in 
P la s t i c  Surgery,  e a ch  followed by an  au th o r i ta t iv e  commentary 
and  d i s c u s s io n  from a modern v iew poin t .  Recently  John 
S ta ige  Davis* paper  on the  Z -p l a s ty ,  or ig inal ly  pub l ished  in 
1931, w as  rep roduced .  In th e  su b seq u en t  i l lum inating  
commentary by  Bradford Cannon (1966) the  a s p e c t s  of Davis* 
paper  w hich  would be  un ac ce p tab le  in modern p rac t ice  were 
d i s c u s s e d ,  with  an  exp lana t ion  of why views have  changed  
in the  in te rv a l .
Davis* c o n ten t io n ,  un accep tab le  t o - d a y ,  w as  th a t  in 
d if fuse  s c a r  con t rac tu res  the  s c a r  t i s s u e  could b e  used  in 
th e  Z f laps , His main use  for the  method w as  in fac t  in 
p o s t -b u rn  con t rac tu res  and it is s tr ik ing th a t  in h is  pape r  he 
does  not mention once the  ques t ion  of where the  leng then ing  
is coming from or d i s c u s s  s im ultaneous  s h o r ten in g .  As 
Cannon s t a t e s  and a s  h as  b e e n  amply proved in the  foregoing 
t e x t ,  " the  t igh t  web can  b e  re laxed  by  a Z -p l a s t i c  bu t  only
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a t  the  e x p e n se  of s l a c k n e s s  in th e  ax is  a t  a 90^ an g le  to  i t . "  
The point w hich  D av is  does not make and w hich  exp la in s  why 
th e  method is u n sa t i s f a c to ry  in most burn s c a r s  is th a t  the  
burn s c a r  w hich  has  co n t ra c te d ,  has  co n t rac ted  in a l l  
d i rec t io n s  s im u l ta n e o u s ly .  In effec t  a l l  a x e s  a re  c en t rac tura l  
a x e s  a n d ,  if one is more obvious ly  con t rac ted  than  an o th e r ,  
th is  is purely r e la t iv e  (Fig. 45) and does not mean th a t  the  
o ther  is c a p ab le  of providing s lack  for l e n g th e n in g .  It 
exp la in s  in c id en ta l ly  why it is preferab le  to  r ep la c e  the  
m is s ing  sk in  by  graf t ing  ra the r  than  by local  t i s s u e  sh if ts  .
At th e  time of Davis* p ape r ,  of c o u r s e ,  the  te ch n iq u e  of s p l i t -  
sk in  graf t ing had not b een  deve loped  and D avis  n a tu ra l ly  had 
to  re ly  on second  b e s t ,  in th is  in s ta n c e  th e  Z - p l a s t y .  In 
f a c t ,  most p l a s t i c  su rgeons  do a t tem pt  on a t  l e a s t  one 
o cc a s io n  to  co r rec t  a narrow con trac ted  b u m  s c a r  w ith  a 
Z -p l a s ty  b e c a u s e  it looks as  though the  con t rac tu re  is only 
in one ax is  . The exper ience  is u su a l ly  a d isap p o in t in g  one 
in th a t  correc t ion  is found only to  be  par t ia l ;  incom ple te  
b e c a u s e  the  sk in  lo ss  has  rea l ly  been  m u l t i - a x i a l .  Burn sca r s  
a re  se ldom if eve r  to ta l ly  co r rec tab le  by  the  Z - p l a s t y .
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F ig .  45 : An ax i l la ry  contrac ture  resu l t ing  from a b u m ,
showing how al though the con t rac tu re  appears  
to  be  in one ax is  it is on c lo s e r  in sp e c t io n  
rea l ly  m u l t i - a x i a l .
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In p la s t i c  su rgery ,  pa r t icu la r ly  in the  l a s t  2 0 y e a r s ,  the  
Z -p l a s ty  has  in c re as in g ly  pervaded the  s p e c i a l t y  a s  
ap p l ic a t io n  a f te r  ap p l ic a t io n  h as  b een  found for i t .  In a l l  
of t h e s e  it is p o s s ib le  to  s e e  the  opera t ion  of one or more of 
th e  p r inc ip les  a l re ad y  d i s c u s s e d .  In genera l  I have  
confined  m yse lf  in th is  t h e s i s  to  cons ider ing  p a r t ic u la r  
c l in ic a l  s i tu a t io n s  which  led me to the  d iscovery  of the  
underlying pr inc ip le  or which  seem ed  to  i l l u s t r a te  the  
pr inc ip le  pa r t icu la r ly  e f f e c t iv e ly .
It  is a l s o  of in te re s t  to  co n s id e r  p o s s ib le  w ays  in which  
th e  Z -p l a s ty  might b e  of u se  in abdominal and o ther  f ie lds  
of su rg e ry .  Some such  u se s  have  b een  d e s c r ib e d  a l re a d y ,  
in hollow cy l inde r  a n a s to m o s is  (Blocker e t  aj_., 1949;
Holman and  H ahn ,  1953), to  the  an a s to m o s is  of th e  common 
b i l e  duc t  (Singleton and M oore ,  195 0), in urethral  s t r ic tu re  
(Dingman, 1955).  I t  is c l e a r  tha t  d e s p i t e  t h e s e  papers  the  
method has  not caught  o n .  Why should  th is  b e  so ?  M y 
own ex p e r ien ce  of th e  Z -p l a s ty ,  though an  e x t e n s iv e  one in 
p l a s t i c  su rg e ry ,  is l imited to th is  s p e c ia l ty  and I can  only 
s p e c u l a t e .  It  is p o s s ib le  n o n e th e le s s  to  ven tu re  r e a s o n a b le
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g u e s s e s ,  ap a r t  from the  obvious one of i so la t io n  of 
s p e c i a l t i e s  and a lack  of c r o s s - f e r t i l i s a t i o n  of ideas  from 
one s p e c ia l ty  to  a n o th e r .
The f i r s t  r e la te s  to  f lap cu t t in g .  In the  sk in  Z -p l a s ty ,  
th e  vu lne rab le  segment of the  f lap is i ts  t i p ,  though a w ay  
to  broaden  the  t ip  (Fig. 46) and  reduce th is  v u lne rab i l i ty  has  
b e e n  desc r ib ed  (McGregor,  1960) w hich  is now s tandard  
(C onverse ,  1964; Grabb and Smith, 1968).  Tip n e c r o s i s ,  
though a n u i s a n c e ,  is seldom ca tas t ro p h ic  in an y  c a s e  w ith  
a Z -p la s ty  used  in the  s k in .  In gu t ,  b i le  d u c t ,  u re te r ,  e t c . 
such  lo s s  would be  d isa s t ro u s  s in c e  it would re s u l t  in 
le ak ag e  from the l ine  of a n a s to m o s i s .
The s e c o n d ,  not unre la ted  to  the f i r s t ,  concerns  the  
fac to r  of b lood su p p ly .  W ithout  an  a c c u ra te  know ledge of 
the  v a s c u la r  pa t tern  and genera l  v iab i l i ty  of Z -f laps  cu t  in 
g u t , e t c . one can  only sp e c u la te  on the  sa fe ty  margin but  it 
might w el l  be  s m a l l . The problem of blood supp ly  can b e  
unexpec ted ly  re le v an t  a s  a persona l  expe r ience  of 
t racheos tom y  following pharyngo- la ryngec tom y  sh o w ed .  
Having p rev ious ly  encountered  the  not uncommon problem of
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S t3 n c /sr-a f /V<aps Moc//f/ c^f F/ajos to 
broac/en t/p
F ig ,  46 : The s tandard  Z -p l a s ty  f laps and  th e  f laps
modified to  broaden  the  t i p s ,
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d e la y e d  s t r ic tu re  formation a t  the  t r ac h eo s to m e  I made a 
m ult ip le  Z -p l a s ty  around th e  stoma a t  the  t ime of making the  
t r a c h eo s to m e  in the  hope of prevent ing  the  s u b se q u e n t  
deve lopm ent  of a s t r i c tu r e .  The b lood  supp ly  of th e  t r a c h e a l  
f laps  w as  inad eq u a te  and  a l l  n e c ro s e d .  Preliminary 
in v e s t ig a t io n  of th is  fac to r  in a l l  th e  p o te n t ia l  ap p l ic a t io n s  
would  c e r ta in ly  b e  requ ired  before  any  u se  w a s  made of the  
method in m an.
The th ird  refers  to  su rg ica l  t e c h n iq u e .  The dem ands on 
s ta n d a rd s  of su tu r in g ,  f in e n e s s  of t e c h n iq u e ,  su tu re  
m a te r ia l s  and  ins t rum ents  would be ex a c t in g  in a w ay  more 
in keep ing  w ith  th e  opera t ing  microscope  th a n  w ith  the  
gen e ra l  s ty l e  of abdom inal  su rgery ,  e s p e c i a l l y  when  
an a s to m o s in g  one of the  narrower t u b e s .  Admittedly it  is a 
t e ch n iq u e  w h ich  could  b e  l e a rn e d ,  but befo re  s e t t in g  out to  
lea rn  it th e  a d v a n ta g e s  would need to  b e  very  c l e a r - c u t  -  
an d  th e y  a r e  n o t .  One fee ls  further  th a t  to  show th e  method 
to  b e  t e c h n ic a l ly  f e a s ib le  would s c a r c e ly  be  enough; th a t  
abdom inal  su rgeons  would remain to  be  co n v in ced  th a t  it 
w a s  w o r th w h i le .
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It is c e r ta in ly  true  th a t  d e s p i te  th e s e  forays into the  
abdomen^ the  method h as  s tubborn ly  remained l im ited  to  the  
s k in .  But the re  its  popular i ty  and u s e s  have  s te a d i ly  
in c re a s e d  both  in the  s tandard  w ays  d e s c r ib e d  in th is  t h e s i s  
and  in o ther  more exo t ic  though l e s s  f requen t ly  required  f ie lds  .
The 2 - p l a s t y  has  a p p l ic a t io n s  in most par ts  of the  body 
s u r fa ce  and  m odif ica t ions  are  required to  su i t  lo c a l  ana tom ica l  
cond i t ions  and pa tho log ica l  c i r c u m s ta n c e s .  N o n e th e les s^  
the  b a s i c  theo ry  remains va l id  a t  a l l  t im es and  i ts  e f fec ts  can  
a lw a y s  be  d esc r ib ed  in terms of th is  th e o ry .  Furthermore^ w ith  
a know ledge  in depth  of the  theory^ we ca n  s e e  w ith  g rea te r  
c la r i ty  why the  modif ica t ions  a re  not merely d e s i ra b le  but  
of ten  e s s e n t i a l  and  why even the  Z -p l a s ty  in r ev e r se  may have  
a u s e .  As D'Arcy Thompson sa y s  on page 37 0 of h is  c l a s s i c  
"On Growth and Form" :
"Growth and  Form are  throughout of th is  com posi te  
nature ;  therefore  the  laws of m a them atics  a re  bound 
to  under l ie  them^ and  her  methods to  b e  pecu l ia r ly  
f i t ted  to  in te rp re t  t h e m , "
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